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Circulation 


N A recent paper entitled ‘“The Staphylo- 

coccus: Seven Decades of Research (1885- 
1055),’’ Dolman,! an outstanding and persistent 
contributor in this field, outlined the chrono- 
logie development of our knowledge of the 
biological features of the staphylococcus, the 
perplexing nature of its antigenic structure and 
the difficulties involved in coping with infec- 
tions due to this organism whether by im- 
munologic methods or by antimicrobial agents. 
In this paper, Dolman characterized the ac- 
tivities and attitudes in the decade ending in 
1945 as the “apotheosis of the antibacterial 
agents,” whereas the next decade, the one 
ending in 1955, he considered to be one of 
“disenchantment and dismay.” His summation 
of the current status of the staphylococcus 
problem expresses the attitude of most workers 
in this field and is worth quoting: 


This last decade began full of confidence that 
Staphylococcus as a menace to man would soon be 
laid low. The delusion has been rudely dispelled. 
Today, staphylococcal infections appear more prev- 
alent, more virulent, and more unavoidable, than 
they were a quarter-century ago, in the prepenicillin 
era. Moreover, these infections seem to have as- 
sumed the status of an occupational or environ- 
mental disease in places where one might least 
expect to find them, namely hospitals. The final 
touch of tragic irony in the denouement is that 
viereas penicillin-resistant strains of Staphylococcus 
were seldom encountered when supplies of this anti- 
biotic first became unrestricted soon after the war, 
the majority of hospital strains are now resistant 
te it. 

The current incidence and types of staphylococcal 
1 ‘eetions inside and outside hospitals are difficult 
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to assess, if only because hospital administrators, 
and the medical and surgical staffs, display atti- 
tudes ranging from that of the alarmist who regards 
a minute pustule on a baby’s bottom as significant, 
to that of the escapist who avoids admitting the 
existence of any situation serious enough to involve 
his institution in possible discredit or a damage 
suit. To attempt statistically valid comparisons be- 
tween the situation now and that prevailing a gen- 
eration or even a decade ago would be manifestly 
futile. The incidence of staphylococcal infection, 
calculated as a percentage of total admissions to 
hospital, or of total surgical operations, may have 
increased only in relation to al) other types of in- 
fection. Nevertheless, we must acknowledge the 
widespread impression of a recent change for the 
worse in hospital experience with staphylococcal 
infections, which is only partly reflected in the 
medical literature. Troublesome though seldom 
fatal outbreaks among infants and nursing mothers 
have brought closure of maternity wards; while 
anyone professionally connected with a large hos- 
pital can recount tragic instances of fulminating 
infection. For example, a patient hospitalized for 
pneumococcal pneumonia, and recovering there- 
from, died a few days later of staphylococcal pneu- 
monia. A simple appendectomy in a healthy young 
man (a physician) resulted in septic thrombosis, 
osteomyelitis of vertebrae, extradural abscess, and 
paraplegia; while paronychia in a healthy young 
woman (also a physician) ended within a week in 
fatal staphylococcal meningitis. These things should 
not be; yet such examples, culled from local sources, 
could be matched and multiplied elsewhere in 
North America, and in the British Isles, Seandi- 
navia, or Australasia. 


This state of affairs can certainly be dupli- 
cated in at least one of the large Boston Hos- 
pitals, and is probably true to a varying extent 
in many other hospitals in the same and othe 
cities in the United States. In a survey? made 
of 1,172 patients occupying beds on the various 
wards of the Boston City Hospital at a given 
time early in 1956, a total of 181 were found to 
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have some type of manifest staphylococcal 
infection varying in severity from small and 
rather insignificant furuncles or infected super- 
ficial lesions to severe and prolonged sepsis, 
pneumonia, meningitis, or endocarditis. The 
infections in nearly two thirds of these patients 
had been acquired in the hospital and in only 68 
of them were they present when the patients 
entered the hospital. Moreover, the histories 
in a considerable proportion of the latter pa- 
tients suggested that they had acquired their 
staphylococcal infections during a_ previous 
period of treatment at the same or some other 
hospital. To be sure, the infections were serious 
and potentially fatal in only 31 of the 181 
patients with staphylococcal lesions, but many 
of the others were disabling and protracted. 
In addition to these infections in patients, 
there were at least 51 members of the profes- 
sional and service personnel of the hospital who 
had suppurative staphylococcal lesions at the 
time of the survey or had just recovered from 
such infections. 

The extent and serious character of the 
staphylococcal infections at that hospital was 
further reflected in the frequency with which 
strains of pathogenic staphylococci were cul- 
tured from the blood of patients with febrile 
illnesses or were obtained as the only or pre- 
dominant organisms in cultures made at 
autopsy during 1955. During that year, Micro- 
coccus pyogenes, var. aureus was grown from 
blood cultures of 302 patients, of whom 127, 
or 42 per cent died. Nonhemolytic strains of 
M. aureus were isolated from the blood of an 
additional 90 patients of whom 51 (57 per cent) 
died. M. albus was cultured from blood in 384 
patients, excluding those with other staphylo- 
cocci, some of these were from blood in patients 
with serious wounds or systemic infections and 
70, or 18 per cent of the patients died, but 
most of the rest were probably contaminants 
or transient invaders. Among 914 autopsies 
in which satisfactory blood cultures were made 
during the same year, there were 86 in which 
hemolytic Staphylococcus aureus was grown 
from cultures of the cardiac blood or spleen or 
both. Similar organisms were obtained at 
autopsy in pure culture from other significant 


foci of infection (including vegetation oy 
cardiac valves, brains, meninges, peritoneum, 
pericardium, bones, and joints) in 47 additione| 
“ases. 

Of added interest in this survey is the fac 
that during the same year, beta hemolyti 
streptococci were grown from blood culture 
in only 4 patients, enterococci from 21, an 
pneumococci from 78, most of the latter fro1 
the admission cultures only. On the other han 
gram-negative bacilli, representing variot 
coliform organisms and enteric pathogens wer 
grown from blood cultures of 222 patients i: 
the same period. This incidence probably repre 
sents a considerable reversal of the state o 
affairs usually described in the years immedi 
ately preceding the introduction of th 
sulfonamide drugs and in the prepenicillin era 
In those years the hemolytic streptococcus wa: 
usually the most frequent cause of sepsis and 
pneumococcal bacteremias were relatively 
much more frequent. At the turn of the century, 
blood stream invasion by enteric pathogens 
(most frequently Salmonella typhosa) were 
nearly as frequent as with the hemolytic 
streptococci. 

Even more striking was the increase in seri- 
ous staphylococcal infections observed in 
autopsies performed at the Montreal General 
Hospital, as reported by deVries and 
Pritchard.’ In a series of 213 cases observed 
from October 1953 to May 1954, cultures 
made routinely from the heart’s blood, cut 
surfaces of lungs, and other infected areas, 
yielded Micrococcus pyogenes in 87 cases, 
Diplococcus pneumoniae in 4, Klebsiella pneu- 
moniae in 3, and Streptococcus pyogenes in 
only 1. All but 7 of the 87 staphylococcal 
strains were obtained from heart’s blood, or 
lungs, or both. In the same hospital only ° 
sases of bronchopneumonia and 2 of septicemia 
due to staphylococci were recorded among the 
311 autopsies done in 1950, but cultures were 
not done routinely during that period. 

In the recent cases in Montreal, as in the 
autopsied cases in Boston, almost all of the 
staphylococcal infections were considered t 
be secondary and terminal events in the cours: 
of obvious debilitating diseases, and only 3 0 
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‘ former were from patients who were ad- 
tted to the hospital with a diagnosis of 
iphylococcal septicemia. Moreover, there was 
her evidence that most of the infections had 
obably been acquired in the hospital. The 
ijority of the strains belonged to phage 
oup III, which is also the most common 
yup of the staphylococci found in carriers 
nong hospital personnel. In addition, as in 
ier hospitals, all but a small proportion of 

e staphylococci obtained from autopsied 

ses were resistant to penicillin; and about 

lf were also resistant to the tetracyclines. 

The seriousness of the problem is also re- 

«ted in recent reports of staphylococcal 

docarditis and its treatment, many of them 
illustrating the decisive role of antibiotic re- 
sistance of the staphylococci in the fatal out- 
comes. Early in 1954, Geraci and Martin‘ 
reported their initial experiences with erythro- 
mycin in cases of bacterial endocarditis: there 
were 6 deaths in 7 cases. Included among these 
cases were 3 due to A. aureus, all with a fatal 
outcome; the organisms recovered from the 
blood in the 2 patients from whom serial 
cultures were available both increased mark- 
edly in resistance to erythromycin in from 3 to 7 
days. Two similar cases in which resistance to 
erythromycin developed rapidly during treat- 
ment with that antibiotic had been reported 
earlier by Haight and Finland® and another 
was subsequently reported by Roantree and 
Rantz.® In these 3 cases other antibiotics had 
been used in addition, but not constantly 
throughout the entire period of erythromycin 
administration. 

Fisher, Wagner, and Ross’ presented some 
clinical and therapeutic observations on the 
88 eases of staphylococcal endocarditis seen 

the Johns Hopkins Hospital from 1933 to 
(153. Only 2 of 25 patients recovered in the 

)-year period ending in 1948. The other 13 

‘re seen in the 5-year period from 1949 

rough 1953; the survival rate in that group 

as 54 per cent and the incidence of penicillin 
sistance was 42 per cent. 

Staphylococcal endocarditis has also been 

ported as a complication of valvular surgery; 
‘ such eases, including 3 from among more 


than 150 patients who had mitral valvulotomies 
at the Massachusetts General Hospital, were 
reported by Dalton, Williams, and Atkins.’ 
Although all of these patients were treated 
with multiple antibiotics, only 1 of them re- 
covered. Three additional cases of endocarditis 
complicating valvular surgery were reviewed 
by these authors. All of them received intensive 
antibiotic therapy; in 1 of them Pseudomonas 
aeruginosa was recovered from the blood and 
‘ardiac vegetations, and the other 2 survived 
but blood cultures in them were all sterile.* 

There are also some more favorable reports 
of cases of staphylococcal endocarditis, all of 
them treated intensively with many anti- 
biotics and recovery attributed to one or 
another of them or to the use of multiple 
agents. Miller, Hansen, and Pollock’ reported 
3 such cases; in 1 of them the cure was at- 
tributed to penicillin and chlortetracycline, 
whereas the other 2 were considered to have 
responded favorably to chloramphenicol, al- 
though other antibiotics were also used. 
Friedberg and Bader'® attributed the recovery 
in 1 case to the use of bacitracin, which was 
added to previous therapy with penicillin and 
chlortetracycline that were also being con- 
tinued. Jones and Yow"! observed 2 recoveries 
with the use of erythromycin and streptomycin 
and 1 failure in a patient ‘treated with these 
and other antibiotics. They reemphasized the 
need for using combinations of antibiotics in 
bacterial endocarditis. Johnson and Hurst” 
also reported a case of staphylococcal endo- 
carditis in a child with an intraventricular 
septal defect that they treated successfully 
with erythromycin, 
streptomycin. 

The importance of using combined therapy 
with agents to each of which the causative 
organism is at least moderately susceptible 
cannot be overemphasized; the possibility of 


oxytetracycline, and 


* Other antibiotic resistant organisms may also be 
expected to give rise to endocarditis after valvulot- 
omy. Koelle and Pastor* reported a case of Candida 
albicans endocarditis following aortic valvulotomy 
and estimated that endocarditis follows cardiac 
surgery in probably 1 or 2 per cent of cases, although 


only 9 cases have been reported thus far. 
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resistance developing rapidly to the anti- 
biotics when they are employed singly makes 
this imperative. Also the treatment must be 
continuous and prolonged if it is to be success- 
ful, for the early suspension of treatment with 
agents that are active in vitro against the 
offending staphylococcus and which may be 
having a suppressive effect on the organism 
may make the subsequent successful applica- 
tion of the same agents or others much more 
difficult. 

In using antibiotics in combinations, how- 
ever, it is imperative to choose each component 
very carefully for its specific effect on the 
particular causative organism and in relation 
to the other agents with which it is combined. 
Predetermined combinations of antimicrobials in 
fixed ratios should be scrupulously avoided in 
the treatment of a serious infection such as 
bacterial endocarditis. Also, in spite of state- 
ments to the contrary, it is the writer’s current 
conviction that combinations containing peni- 
cillin cannot be relied upon in actual therapy 
to have any effect against penicillin-resistant 
strains beyond that which can be expected 
from the other constituents of the combination, 
unless the amount of penicillin included has 
itself some inhibitory action. The same is 
equally true of combinations incorporating the 
tetracyclines, novobiocin, erythromycin, and 
the antibiotics with action similar to that of 
erythromycin, namely carbomycin, oleando- 
mycin, and spiramycin. 

With respect to tetracycline and its analogs, 
oxytetracyeline and chlortetracycline, strains 
of bacteria that are resistant to one may, for 
purposes of treatment of endocarditis or of 
severe staphylococcal infections, be considered 
to be resistant to the others; the same should 
be the present attitude to erythromycin and 
the related antibiotics carbomycin, oleando- 
mycin, and spiramycin because of the complete 
cross-resistance of these 4 antibiotics in vitro." 
This recommendation is made at this time in 
spite of the fact that cross-resistance among the 
groups of related antibiotics mentioned is not 
regularly demonstrable or always found to be 
complete in individual strains that are isolated 
from infected patients or from carriers. In 


such instances the cross-resistance may he 
expected to develop much more rapidly follow - 
ing the administration of the related antibiot:c 
than when the strain is originally susceptib'e 
to all of them; some evidence supporting th s 
possibility has already been presented." 

Most discouraging, however, is the fact tha , 
in spite of all the effective agents current 
available and in spite of their intensive use : ) 
various combinations, the over-all recovery ra > 
in cases of staphylococcal endocarditis in rece: 
years is still close to 50 per cent. This figure 
essentially the same as that reported in 192? 
by Dowling and co-workers'® in their 25 casi 
and in the 81 antibiotic-treated cases they co - 
lected from the literature. Whether bettc: 
results can be obtained as new antibiotics ai» 
added seems rather dubious so long as thes: 
agents have the property of inducing resistanc : 
in the staphylococcus. It is hoped, howeve:, 
that new and effective agents lacking this 
property will become available to provide « 
better outlook for the patients with serious 
staphylococcal infections; endocarditis due to 
this organism may then perhaps be prevented, 
or cured if it does occur. 

MAXWELL FINLAND 
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THEORY AND PRACTICE ARE COMPLEMENTARY 


“Science is a river with two sources, the practical source and the theoretical source. The practical 
source is the desire to direct our actions to achieve predetermined ends. . . . The theoretical source 
is the desire to understand. Now I am going to emphasize the importance of theory. in science. But 
to avoid misconception I most emphatically state that I do not consider one source as in any sense 
nobler than the other, or intrinsically more interesting. . . . 

“The importance even in practice, of the theoretical side of science arises from the fact that 
action must be immediate, and takes place under circumstances which are excessively compli- 
cated. ...Suecess in practice depends on theorists who, led by other motives of exploration, have 
been there before, and by some good chance have hit upon the relevant ideas. By a theorist I do not 
mean a man who is up in the clouds, but a man whose motive for thought is the desire to formulate 
correctly the rules according to which events occur. A successful theorist should be excessively 
interested in immediate events, otherwise he is not at all likely to formulate correctly anything 
about them.”—A. N. WurreHEAD. Aims of Education, 1929. 





George E. Brown Memorial Lecture 


Oxygen Tension of Tissues in Vivo 


By HucH Montecomery, M.D. 


HEN the George E. Brown Memorial 
Lecture was first established shortly 
after the death of Dr. Brown in 1935, the world 
was reminded that he was a foremost contribu- 
tor to the broad field of peripheral vascular 
disease.! Dr. Brown had a sound knowledge of 
clinical problems and a keen physiologic ap- 
proach, and he and his younger associates at 
the Mayo Clinic had clarified some of the 
perplexing relationships of peripheral circula- 
tion and tissue behavior. It was fitting that 
George Brown was the first chairman of the 
Section on Circulation, and that his associates 
were early members of the Section. Unfortu- 
nately for me, I did not know Dr. Brown, and 
it is his associates and the members of his 
Section who have meant so much to me per- 
sonally. I wish I could acknowledge my debt 
to each of these in the audience today. 
Perhaps the reason why I have been asked to 
talk on the oxygen tension of tissues in vivo is 
that I have had some experience with the 
oxygen electrode, and that I am concerned 
with the broad aspect of tissue metabolism and 
the role of oxygen therein. Oxygen is the most 
common element in the inorganic as well as 
the living world, and investigation of its role 
in physiologic processes goes back a long way. 
Most studies of oxygen in man and experi- 
mental animals have been concerned with its 
distribution in blood, in other body fluids, and 
in the alveolar spaces. Until recent years, 
studies of oxygen in man were for the most part 
dependent upon measurements made on alveo- 
lar air and on venous blood. Determination of 
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oxygen in alveolar air gives a reasonably goo 
idea of the oxygen in arterial blood but « 
course direct arterial sampling is more a 
curate. Arterial puncture was first’ performe: 
in Germany by Hiirter in 1912? and in this 
country by Stadie in 1919.5 However, it was 
not until World War II that arterial sampling 
in man became commonplace. Historically 
most of the studies of oxygen in blood wer 
performed on venous samples. This route sup- 
plied blood for in vitro studies of oxygen, 
perhaps the most important of which was the 
determination of oxyhemoglobin dissociation 
curves. Studies of oxygen as it exists in venous 
blood, from the forearm or from the jugular 
vein for instance, have afforded valuable infor- 
mation regarding the part played by oxygen in 
those parts of the body distal to the points from 
which the samples were taken. Analyses of 
blood from peripheral veins do not, however, 
give an accurate estimate of the oxygen return- 
ing to the lungs: this of course requires the 
sampling of mixed venous blood, as from the 
right heart. Right heart catheterization in man 
was first performed by Forssmann in Germany 
in 1929,‘ and the right heart was first punctured 
directly to obtain blood for physiologic meas- 
urements by Baumann® and by Lauter® in 
1930, but it was Cournand and Ranges in 
19417 who made feasible sampling of blood 
from the right heart. This was of course by 
catheter, in connection with direct Fick studies 
of cardiac output. A clearer conception of the 
normal and diseased circulation stems from 
analyses of blood from all these various sources 
Oxygen in the blood and other body fluids has 
been measured either as concentration ol 
oxygen, reported as volumes per cent, and per 
cent saturation of hemoglobin, or as tension 
reported in millimeters of mercury. In blood the 
oxyhemoglobin dissociation curves allow a 
reasonably accurate conversion from one of 
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+ ose units to the other over the greater part 
. the range in man when he is breathing air 
| xt not when high concentrations of oxygen 
» inhaled. Measurements on alveolar air 
d on fluids not containing hemoglobin or 
her oxygen-combining material, are usually 
ported in terms of tension, as millimeters of 
ercury, and are readily converted to volumes 
r cent (or vice versa). 
There is one main reason why the analysis of 
-ygen as it exists in blood is simpler than the 
‘alysis of oxygen as it exists in other tissues. 
lood can be drawn into a glass container and 
\alyzed in vitro before there is any appreciable 
ange in its oxygen. Being fluid, blood can be 
‘awn through needles or catheters with no 
‘xposure to materials that can add or remove 
its gases. During the procedure there is little 
utilization of oxygen by blood because most of 
ihe cells have no nuclei. The oxygen is further 
stabilized by its combination with hemoglobin. 
Nonfluid tissues, hereafter referred to simply as 
tissues, do not have these advantages. Such 
tissues are damaged by removal from the body. 
Deprived of a circulation the tissue is rapidly 
depleted of its oxygen by reason of its metabo- 
lism. The excised tissue is subject to transfers of 
oxygen to and from its environment. Whereas 
the oxygen of blood and of other body fluids is 
best analyzed in vitro, this is not true of tissues. 
No one, as far as I know, has claimed that the 
result of an analysis of oxygen of an excised 
issue represents the amount of oxygen that 
existed in the tissue before excision. The one 
serious attempt at this, with which I am familiar, 
is that of Scholander,’ who used a quick- 
freeze technic, but he claimed no great ac- 
uracy for the method. For the most part meas- 
urement of oxygen of tissues has been carried 
out in vivo. In other words, the analytic method 
‘as been brought to the intact tissue in situ. 
Attempts at measurement of oxygen in 
ssues, like those of measurement of oxygen in 
lood and other body fluids, go back many 
ears. It is safe to say that it is as important 
) measure the concentration or tension of 
xygen in tissues as it is in blood and other 
uids that can be drawn from the body. The 
arly investigators were aware of the need to 
now how much oxygen exists in this or that 


tissue, and how it changes with other physio- 
logic changes. However, the methods of meas- 
uring oxygen tension in tissues have, in general, 
been less satisfactory than those for blood and 
body fluids. Much more has been written 
regarding the changes of oxygen in blood and in 
other body fluids than in tissues simply because 
of the greater accuracy of the in vitro methods 
for fluids. For this reason more rapid and more 
accurate technics for analysis of tissue oxygen 
are being sought. One of the more recent is the 
polarographic method, which measures oxygen 
tension electrically by means of a_ polarized 
electrode inserted into the tissue under investi- 
gation. I shall describe this method and the 
apparatus later. 

I should like now to consider some physio- 
logic factors that affect the concentration of 
oxygen in tissues. The basic problem is that of 
supply of oxygen in relation to demand for 
oxygen by the living cells. 

The cell is primarily dependent upon the 
concentration of oxygen in the tissue of which 
the cell is a part and is less directly concerned 
with the concentration of oxygen in arterial 
and venous blood. Even when the arterial blood 
has a high oxygen concentration, the tension of 
oxygen in tissues can be extremely low if the 
flow of blood is slow. Putting it another way, 
the cells, with various metabolic needs, are 
dependent not only on the tension of oxygen 
of the blood but upon the rate of blood flow. 

Though there may be exceptions,’ in general 
a tissue extracts oxygen from the blood at a 
constant rate if the need of the tissue for oxygen 
is unchanged.!°-” If a small bit of living tissue 
is placed in a closed container in a nutrient 
solution containing oxygen, the tissue will use 
the same amount of oxygen each minute. The 
concentration and tension of oxygen constantly 
decrease, in both the medium and the tissue, 
but the rate of utilization of oxygen remains 
unchanged. Until the available oxygen becomes 
very much reduced the tissue’s metabolism will 
not be impaired. 

Tissue in an animal or in man is, of course, 
not in a closed container since there is a 
circulation of blood through the tissue. With a 
constant circulation, and other conditions 
being unchanged, the tension of oxygen in the 
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tissue will tend to fall when the utilization of 
oxygen increases and will tend to rise when the 
oxygen utilization decreases. However, lowered 
oxygen in a tissue has a local vasodilator effect, 
which tends to increase the flow of blood and 
the supply of oxygen to the tissue. Moreover, 
the accumulation of metabolites in tissue has a 
vasodilator effect; the local accumulation of 
carbon dioxide and of other acid products is 
probably even more of a factor in producing 
vasodilatation than is the lack of oxygen. So, 
in general, the local oxygen utilization by tissue, 
i.e., the metabolism, tends to regulate the local 
blood flow, greater uses of oxygen being sup- 
plied by increases in flow. 

At this point it is well to remind ourselves 
that there are exceptions to the rule that the 
local circulation is regulated by the local 
metabolism. One exception is the circulation 
through the pulmonary artery and veins, which, 
though it supplies part of the metabolic need 
of the lungs, really constitutes the cardiac 
output and this, of course, in the long run is 
regulated by the metabolic needs of the whole 
body. Another exception is the circulation to 


the skin, which, though it does supply the 
metabolic needs of skin, is regulated to a large 
extent, over the greater part of its wide range, 
by the need to control body temperature. 
Furthermore, the regulation of the local 
circulation is not wholly local, since vasomotor, 


cardiac, and pulmonary reflexes play essential 
parts. These reflexes are frequently to the 
advantage of the local need, but are so designed 
as often to deprive a local tissue if a more 
important tissue, or the body as a whole, is 
threatened by an inadequate supply of blood. 
Examples of the deprivation of a local tissue are 
the effect of cold upon the circulation of the 
skin and the effect of impending shock upon 
the circulation of various organs. In addition to 
neurocirculatory reflexes of physiologic origin, 
circulatory agents such as epinephrine, pitres- 
sin, and drugs have their effects, either directly 
on blood vessels or indirectly through the 
vasomotor system. 

Fortunately, when unusual metabolic de- 
mands exceed the available blood supply, as in 
the circumstances just mentioned, or when the 
flow of blood is limited by vascular disease, 


there are safety factors in addition to th: 
circulatory regulations mentioned. At lowere:! 
oxygen tensions the hemoglobin in the bloo:! 
delivers greater amounts of oxygen per uni 
decrement of oxygen tension. This is we 

demonstrated by the shape of the oxyhem« 

globin dissociation curve. In muscular exercis 

the stores of oxygen in myoglobin are calle 

upon, and muscle can also function for a tim 

in oxygen debt. Furthermore, muscle and othe 

tissue can call upon cytochrome sources 

oxygen, which too must eventually be repaid 
Perhaps some mammalian tissues can functio 

anaerobically for long periods of time and, i 
so, I suppose the acid products of such tissu 

will sooner or later be neutralized, either locall 

or by other organs when the blood supply i 
restored. 

These preliminary remarks have been mad 
with the hope of directing your interest to th« 
problems connected with oxygen delivery and 
consumption in individual tissues. This leads 
to a discussion of the resultant of supply and 
demand, namely the concentration, or tension, 
of oxygen within some tissues under various 
particular circumstances. John Davy in 1823 
was probably the first to attempt to obtain the 
tension of oxygen of a tissue in situ and his 
principle was generally used, as far as I am 
aware, up to the time the present polarographic 
technics became available. Davy introduced 
air into the thoracic cavity of the dog with 
the idea that the tensions of gases in the 
thoracic cavity would become equal to those of 
the pleura." This was 49 years after Joseph 
Priestley first produced identifiable oxygen, 
then known as “‘dephlogisticated air,” and 46 
years after Lavoisier coined the word ‘‘oxygen.”’ 
As far as I have been able to learn, Davy’s at- 
tempt to learn about oxygen in this tissue, the 
pleura, preceded any attempt at analyzing oxy- 
gen in blood. He succeeded in demonstrating a 
decrease in the oxygen of the gas mixture after if 
was introduced into the thorax; whether this 
tells the tension of oxygen in this tissue still re 
mains to be proved. 

Many investigators, during the intervening 
years, have utilized what is essentially Davy’s 
procedure, and it came to be known as the 
“gas bubble” technic. The principle is that the 
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te sion of any gas, in a gas mixture in contact 
\ th a tissue will eventually come to equilib- 
rm with that of the same gas within the tissue. 
| 1919 Haggard and Henderson at Yale 
{| xiversity introduced air into the abdominal 
« vity of dogs, allowed time for gaseous equi- 
| prium, withdrew and analyzed samples of the 
© is, and concluded that ‘“‘the tension of oxygen 
i; the abdominal air at equilibrium is about 45 
: m. Hg, much below that of either arterial or 

‘nous blood and corresponding therefore prob- 
: oly to that of the tissues.” In 1924 appeared 
tie first of a series of articles by J. Argyll 
( ampbell of London.'® Campbell analyzed the 
oxygen of gas mixtures introduced into the 
»bdominal cavity and in the subcutaneous 

vace of various animals. He _ introduced 
relatively large volumes of gas and reported 
(hat many hours were required to attain 
equilibrium of oxygen in the gas depot and the 
tissue. He concluded that “For all mammals 
tested, including monkey and man, the normal 
{issue oxygen tensions have been found to be 
between 20 and 40 mm. Hg.’!® He made a 
sharp distinction between intracellular oxygen 
tension, which is not measurable, and extra- 
cellular or ‘‘tissue’” oxygen tension, which 
he believed he was able to measure. We have, 
in our own measurements by the polarographic 
technic, followed this distinction between 
intracellular and extracellular oxygen tension, 
and use the term oxygen tension of tissue 
much as Campbell did. 

I must not take too much time on old 
technics but I do want to give credit to Bazett 
and Sribyatta at the University of Pennsyl- 
vania for their use of the gas bubble technic to 
rain data on changes in oxygen tension in 
issues." They were able to use very small 
lepots of gas because of a microanalytic method 
hey devised, and they studied the changes in 
xygen tension in the subcutaneous spaces of 
nan in response to cooling and heating the 
‘kin. They obtained values as low as 10 mm. 
ig when the skin was cooled, and as high 
is 99 mm. Hg, approximately that of arterial 
ood, when the skin was warmed. They 
‘onsidered 114 hours sufficient time for 
‘quilibrium of oxygen with a 10 to 20 ml. gas 
ubble. They, of course, could not say anything 


about the rapidity with which these changes are 
now known to take place. As we shall see later 
on, their data fit closely with measurements 
made in warm skin with the polarograph. 

The equilibration technic for obtaining 
oxygen tension of tissue has recently been 
revived in an interesting way by Baumberger 
and Goodfriend,'* who were interested in the 
oxygen tension of the skin of the finger. They 
placed the finger in a very small volume of 
a buffered solution and found that the oxygen 
tension of the solution became approximately 
that of arterial blood within 15 to 60 minutes if 
the circulation to the finger was rapid. They 
suggested usefulness of this method in certain 
circulatory and respiratory conditions. 

All the gas-equilibration methods _ that 
attempt to measure oxygen tension of tissue 
have the grave disadvantage of being extremely 
slow. They are not applicable to the study of 
the dynamic changes in oxygen tension that do 
in fact take place in the tissues. 

If the tension of oxygen in a tissue will 
remain stable enough to make use of the gas 
bubble equilibration technic, this technic may 
continue to be of value in determining stable 
pre-experimental values; but if it yields only a 
mean value of spontaneous fluctuations in 
oxygen tension, it is of little present use. 
Further understanding of these problems 
depends upon a more rapid, reliable method of 
measuring oxygen tension of tissues that has 
only recently emerged. 

On my return from World War II, Dr. F. 
Curtis Dohan called my attention to the 
suggestion of Drs. Davies and Brink!® of the 
Johnson Foundation that the polarographic 
technic might be suitable for measuring oxygen 
tension in intact tissues. A microelectrode had 
already been used on the surface of the cat’s 
brain by Davies and Rémond,”’ and McCulloch 
and his group in Chicago had inserted it into 
the cat’s cerebral cortex.”!: > When Drs. Davies 
and Martin G. Larrabee showed me how to 
introduce an open-tip electrode into the skin 
of my forearm, how the electric current 
increased when I inhaled oxygen and how it 
decreased approximately to zero when an 
arterial tourniquet was placed on the arm, I 
felt fairly certain that this tool could help to 
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reveal some of the secrets hidden in the field 
of peripheral vascular disease. The technic has 
proved its value in this respect in the interven- 
ing years and has also contributed to the study 
of some cardiac and pulmonary conditions. 

I was joined in this work, soon after the first 
experiments, by Dr. Orville Horwitz® and later 
by other members of my group at the Univer- 
sity of Pennsylvania, each of whom _ has 
gathered valuable data by using the platinum 
electrode. The names of these investigators 
appear as co-authors of the several papers**—*! 
but for the sake of brevity will not always be 
referred to individually. 

What is the ‘polarographic’? method for 
measurement of oxygen tension? The terms 
“polarograph”’ and “polarographic” were coined 
by Jaroslav Heyrovsky in 1925.” ‘‘Polaro- 
graphic” refers to chemical analysis by means 
of a polarized electrode. In the circuit used, 
a polarized electrode is one held at a different 
voltage from a standard reference electrode 
such as a calomel half cell or a silver-silver 
chloride electrode. The polarized electrode has 
either a positive potential (anode) or a negative 
potential (cathode) with respect to the stand- 
ard electrode. Heyrovsky was one of the 
chemists who, when using the polarized 
electrode in various chemical solutions, meas- 
ured the changes in current that resulted from 
changes in voltage. He went on to make a 
systematic study of the current-voltage rela- 
tionships for various chemicals in solutions. 
In other words he characterized or chemically 
analyzed various solutes by electric means. 
Many oxidizable and reducible substances 
have been analyzed by the polarographic 
method. We are not primarily concerned with 
studies in solutions. They have been referred te 
in previous papers.!*: #~* 

The polarographic electric circuit is shown 
in figure 1. For analysis of a solute the platinum 
electrode is inserted in the solution. Later I 
shall describe the use of the electrode inserted 
in a tissue, for example, skin of the hand, and 
then the circuit is completed by placing a 
finger in the solution. 

The method is suitable for analysis of many 
substances in high dilution. An example of the 
use of the polarized electrode in qualitative and 


Fic. 1. Diagram of cireuit. In the lower part of t 
figure are shown the electrode, a calomel half-ce 
and a solution to be analyzed. For analysis of a livi: 
tissue the solution is used as a salt-bridge: the ele 
trode is inserted into the tissue and the circuit 
closed by inserting a finger into the solution. 


quantitative analysis of substances in solution 
is shown in figure 2, taken from the book b 
Kolthoff and Lingane.** You can see that as 
the voltage increases the current increases to a 
definite plateau. The position of the plateau 
along the horizontal axis identifies the sub 
stance. The amount of increase in the current, 
measured at this plateau, is proportional to 
the concentration of the ion, and in this manner 
the quantitative measure is made. By working 
with a constant voltage preferably near the 
center of the plateau of the substance being 
analyzed, the concentration of the substance 
‘an be determined. The quantitative measure 
ment at fixed voltage might probably better be 
designated as ‘‘amperometric”’ than ‘‘polaro 
graphic.’’** 

There are 2 types of polarographic electrode: 
liquid (mereury) or solid, such as platinum. 
For polarography in solutions the dropping 
mercury electrode is usually used. Mercury has 
the great advantage that it can flow, and as it 
flows through a fine glass capillary, each drop 
is chemically pure and is identical with the 
previous drop. As the drop of mercury i: 
contaminated by the solution, and is thereby 
changed in characteristics, another drop i: 
formed which acts as a fresh electrode. How- 
ever, even with this constant replacement, : 
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Fic. 2 Top Left. Polarogram of a solution containing several metal ions (abscissa, volts). Taken 
from Kolthoff and Lingane.** (Courtesy, Interscience Publishers, Inc., New York, N. Y.) 

Fic. 3 Top Right. Current-voltage curves for an open type electrode in 0.12 M sodium chloride. 
Solution unstirred, temperature 25 C. Taken from Davies and Brink.'® (Courtesy, Review of Scientific 


Instruments.) 


Fic. 4 Bottom Left. Relationship of electric current to oxygen tension (abscissa, in mm. Hg) in 2 
media having different diffusion constants for oxygen. 
Fic. 5 Bottom Right. Correction for temperature. 


mercury electrode functions poorly in the pres- 
ence of oxygen. Platinum, another of the chemi- 
cally less active metals, is much less easily oxi- 
dized than mercury but it has the disadvantage 
that any contamination of its surface that does 
take place cannot be removed during the study, 
and this changes somewhat the characteristics 
of the electric system. It has, however, a great 
idvantage over mercury in that it can be used 
in tissue, because it is a solid metal that can 
be thrust into a tissue and withdrawn at will. 

In general the solid metal electrode does not 
give as good plateaus in the current-voltage 
‘urves as does the dropping mercury electrode. 
Figure 3, taken from Davies and Brink, how- 
ever, shows a fairly good plateau in the analysis 
of oxygen with a platinum electrode.!® The 
upper curve was obtained from a solution of 


oxygen, the lower from a solution containing no 
oxygen. When used in known solutions of 
oxygen under well-controlled conditions, the 
current that flows is proportional to the con- 
centration (or tension) of oxygen. 

What does this open tip platinum cathode 
measure? Is it responsive solely to oxygen? 
Does it measure oxygen tension only? Cer- 
tainly the electrode is extremely sensitive to 
changes in oxygen tension. If the platinum 
electrode is in an aqueous solution of oxygen, 
the voltage kept constant at minus 0.6 volts, 
and the oxygen tension of the solution altered 
by known increments, the electric current that 
it measures is proportional to the oxygen 
tension. Davies and Brink!® and, later, we* 
obtained a straight line when the current was 
plotted against the known oxygen tensions 
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(fig. 4). However, if the solution was stirred 
the current immediately increased. This shows 
that what is measured is the rate at which 
oxygen is brought to the electrode tip: in an 
unstirred solution the current is largely a 
function of the oxygen tension; in a stirred 
solution it is a function both of the local 
oxygen tension at the electrode tip and of the 
rate of stirring. The change in reading when the 
solution is stirred appears to be instantaneous, 
if a suitable galvanometer is used, showing the 
very rapid response of this method to changes in 
available oxygen. 

When a solvent having a different diffusion 
constant for oxygen is used, but the oxygen 
tension kept the same, the current will be 
different. Figure 4 shows that the current 
changes when the electrode is covered with a 
piece of dead skin having an oxygen tension of 
that of the surrounding solution.** The diffu- 
sion of any gas in skin is less than that in a free 
solution so that at any given oxygen tension the 
current measured is less. Consequently, in order 
to make quantitative measurements with the 
electrode for use in any medium, such as a 
certain tissue, it is necessary to know the 
diffusion constant for gases of that medium, or 
to calibrate the electrode while it is inserted in 
the specific medium. 

In all studies involving differences in tem- 
perature, the effect of temperature on diffusion 
must be taken into account. For instance, if 2 
solutions have the same oxygen tension, but 
one has a temperature of 0 C. and the other of 
40 C., the current that flows in the case of the 
latter will be about twice that of the former. 
This phenomenon is again one of changing 
diffusion. Fortunately the effect of temperature 
upon the diffusion of gases is well known: it is a 
straight line relationship and if temperature is 
known the current that is read can easily be 
corrected. From a number of studies of our own 
we were able to construct the simple relation- 
ship known in figure 5. 

When the platinum electrode is used in tissue, 
does it measure oxygen only? Not enough 
studies have been made in tissues to be sure 
that substances other than oxygen have 
inappreciable effects upon the current that is 
measured at the voltage that is used. Changes 
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Fic. 6. Open type electrode for skin. 


in pH and in sodium chloride within th 
probable physiologic range for human. ski 
apparently do not affect the readings.* Th 
fact that arrest of the circulation brings th 
values to zero, or nearly so, makes it unlikel 
that substances other than oxygen are sub 
stantially involved. 

The diffusion of oxygen in tissues is 
complicating factor in the use of the electrode 
Unfortunately, the diffusion constants of va 
rious tissues are not well worked out, and it 
is possible that they may change somewhat 
under various influences such as changing rates 
of blood flow. Also, it is difficult to calibrate the 
electrode in a tissue. To do so, the tissue must 


be dead in order that it use no oxygen and 
remain in equilibrium with the surrounding 
solution of known oxygen tension, yet when 
dead, be essentially unchanged as far as its 
diffusion coefficient is concerned. 


The electrode we have usually used is the 
open type described by Davies and Brink,'’ and 
is illustrated in figure 6. Here it is shown in 
human skin, since the greater number of our 
experiments have been made in skin. The 
diameter of the platinum wire is 0.2 mm. and 
the electrode proper is the exposed tip. Other 
types and sizes of electrodes have been used for 
other tissues. We have not used the so-called 
recessed-tip electrode,'® or coated electrodes,* 
which, though more readily calibrated, are 
slow in response and difficult to use in tissue. 
The skin is first punctured with a 25-gage 
hypodermic needle, care being taken not to 
enter the subcutaneous space. The electrode is 
inserted and held in place by a cotton ball and 
a piece of adhesive tape. Insertion of several 
electrodes causes little distress.. The electrode 
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Fig. 7. Left. Apparatus for polarographic measurement of oxygen tension, simple type. 
Fic. 8. Right. Apparatus for polarographic measurement of oxygen tension, recording type. 


can be placed in the skin of the hand, or else- 
where, and the circuit completed by inserting 
the finger in the solution. 
Two types of apparatus are shown in figures 
7 and 8. We have for the most part taken 
current readings 10 seconds after potential is 
applied, rather than use constant polarization; 
we have always done so when reporting quanti- 
tative data rather than directional changes. 
You have already gathered that there are 
some real difficulties with the use of the technic 
in vivo. The most apparent one is that, on 
reinsertion of the electrode into living tissue, a 
value somewhat different from the original is 
obtained. Why should this be? Part of the 
reason is that different parts of a tissue do in 
‘uct have different oxygen tensions. This is now 
nown to be true of the surface of the brain,”° of 
he skin** and of skeletal muscle.” This is not 
urprising if one considers that most tissues 
re not homogeneous, either as to circulation, 
ate of utilization of oxygen, or perhaps diffu- 
on characteristics. Unfortunately, that is not 
he only cause of the difficulty. There is some 
‘al reinsertion error. In a dead tissue, having 
0 circulation and no metabolism and a con- 


stant environment of oxygen, repeated inser- 
tions of the electrode yield values that vary on 
the average by some 25 per cent.** The simul- 
taneous use of a number of electrodes greatly 
diminishes this error, but calibration, at the 
present time, is still only semiquantitative. Even 
in a solution that is known to be homogenous 
and to have a constant diffusion constant there 
is some error. Without multiple electrodes, 
frequently calibrated, it is better to report 
values as relative, rather than in millimeters of 
mercury oxygen tension, and to remember that 
brief experiments requiring no reinsertions 
yield more accurate data. Even then there may 
be a slight downward ‘“‘drift,”’ that can best be 
handled by having control periods both prior 
to, and following, the experimental period. 
Fortunately, there are many studies remaining 
that can be made under conditions that will 
avoid many of the pitfalls mentioned. 

We are still questioning whether the diffu- 
sion characteristic of a tissue may change and 
affect the readings. So far we have been unable 
to demonstrate this. Attempts have been made 
to alter diffusion in vivo by increasing venous 
pressure to distend capillaries, and by obstruct- 
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ing arterial inflow to collapse capillaries, but 
without producing any immediate change in the 
readings. It may be that the electrode when in 
the tissue is surrounded by a thin layer of 
tissue containing collapsed capillaries, and in 
this way is protected from varying diffusion 
gradients. 

We think that the oxygen tension that is 
measured is largely that of the tissue rather 
than of the blood, at least in skin and probably 
in resting skeletal muscle. The best single ex- 
ample of experiments designed to study this 
point is as follows. Electrodes are placed in the 
skin of the hand and a blood pressure cuff on the 
arm is inflated to above arterial pressure. The 
skin of the hand gradually becomes cyanotic 
and the oxygen tension decreases toward zero. 
The pressure in the cuff is suddenly released, 
and within about a second the hand is bright 
pink, suffused with arterial blood. The increase 
in oxygen tension of the skin is, however, much 
more gradual, indicating the time taken for a 
diffusion of oxygen from the capillaries into the 
tissue and to the electrode. 

It is well to remember that the polarographic 
technic, which is ideal for the study of almost 
instantaneous changes in oxygen tension, is 
difficult to calibrate, and may not be better 
than the gas bubble technic as far as absolute 
values in tissue are concerned. If the oxygen 
tension of a tissue will remain stable long 
enough we may, on occasion, want to resort 
to the old technic again in order to help obtain 
the oxygen tension in millimeters of mercury in a 
pre-experimental period. Then, being more 
satisfied with the absolute value at one point 
of time, we can proceed through an experimen- 
tal period to follow dynamic, induced changes 
in oxygen tension with the rapid polarographic 
technic and express all values in millimeters of 
mercury. 

Since most of our results using the polaro- 
graphic technic have already been published in 
some detail, I shall cite here only some exam- 
ples rather than attempt to describe them all. 

The skin is a tissue that lends itself peculi- 
arly well to investigation by this method 
because of its accessibility and its structure. 


The variation in its circulation in peripheral 
vascular disease and under various physiologic 


conditions raises many problems related to 
oxygen tension. 

We were interested in learning whether s 
having a fast blood flow would have an oxy, 
tension approximating that of blood. In a sh 
series of experiments in which a fairly g& 
cutaneous vasodilatation was maintained, ; 
after corrections were made for the effect of 
temperature on diffusion, a mean value of 89 
mm. Hg was obtained. This value is slig] 
less than that expected for arterial blood, | 
the experiments proved to our satisfaction t 
during the rapid circulation that accompan 
cutaneous vasodilatation the skin is so \> 
supplied with oxygen that its oxygen tensio1 
close to that of the arterial blood.** Go: 
schmidt and Light* had shown, by femo : 
arteriovenous differences, that the wh« 
heated resting limb extracted only a small pio- 
portion of the large amount of oxygen brought 
to it. Bazett and Sribyatta,” by the gas bubble 
technic, had come to much the same conclusion 
regarding the heated subcutaneous space, but 
it seemed important that we learn about skin 
per se. 

Dr. Penneys subjected this conclusion to a 
further test by comparing changes in satura- 
tion of the oxygen in the blood, measured by 
oximeter, with the simultaneous changes in 
oxygen tension in the skin measured by the 
polarographic technic. If vasodilated skin has 
approximately the oxygen tension of arterial 
blood, the 2 measurements should be related 
as they are in the conventional oxyhemoglobin 
dissociation curve. This proved to be the case, 
over the restricted experimental range possible 
in man, as is shown in figure. 9.*° The solid 
curve was constructed from the values he ob- 
tained; the dotted one is a conventional dis- 
sociation curve. It was also apparent that when 
pure oxygen is breathed, the mean oxygen ten- 
sion of vasodilated skin approaches a value 
nearly 5 times that when air is breathed, 
reflecting a similar change known to occur in 
arterial oxygen tension. When oxygen ‘s 
breathed, fully vasodilated skin utilizes on!y 
oxygen held in solution in the blood, and draws 
no oxygen from that combined with hemo- 
globin. 

We have made use of this principle in detec - 
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ing right-to-left shunts, since arterial oxygen is 
kn wn to increase much less, on breathing 
ox gen, if the patient has such a shunt.*? The 
mi in per cent increase in the oxygen tension 
' he skin in such patients was only one-tenth 
nuch as that in patients having other severe 
liae and pulmonary conditions, but having 
right-to-left shunts (fig. 10). A right-to-left 
nt can thus be detected without arterial 
icture or blood-gas analyses. 
such a simple method for excluding right-to- 
shunts is a valuable adjunct in oximetry. 
ien a patient who has been shown by this 

i: thod to have no right-to-left shunt breathes 

e oxygen, the saturation of arterial hemo- 
bin is known to be 100 per cent. Since this is 
the Millikan oximeter can be set accord- 
sly, to yield quantitative data.*° 

That skin does use measurable amounts of 
oxygen is shown in figure 11. When the elec- 
trode is inserted into the skin of the toe and 
the circulation is largely arrested by a tourni- 
quet on the ankle, the oxygen tension comes to 
zero in some 10 to 20 minutes. The slowness of 
decrease of oxygen tension in a limb deprived 
of its circulation depends upon the amount of 
hemoglobin in the tissue. If the leg is partly 
drained of blood, by elevating it, before the 
tourniquet is applied, or especially if all blood 
is pressed out at the site of the electrode, the 
oxygen tension comes to zero more rapidly. 
Thus the electrode allows a measure of the 
storing capacity of hemoglobin in the cutane- 
ous capillaries.** It also allows a comparative 
estimate of the oxygen utilization, or metabo- 
lism, of different parts of skin.** 

That the circulation to skin is not always 
adequate to supply excesses, or even adequate 
amounts, of oxygen to skin is apparent from 
the low oxygen tensions found during arterial 

asm and in arterial occlusion. In the more 

vere cases of vasospasm and of arterial occlu- 
on the value may be reduced to, or almost to, 
ro, but is usually increased somewhat by the 
halation of oxygen.* Furthermore, with such 
slow circulation the rate of delivery of oxygen 
| om the lung to the tissue is strikingly delayed, 

; compared with that during marked vaso- 

latation.”4 

Measurements of oxygen tension by this 
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Fic. 9 Top. An in vivo “oxyhemoglobin dissocia- 
tion curve.’’ See reference 38 for details. 

Fia. 10 Middle. Principle of detection of right-to- 
left shunt. Taken from Transactions Association of 
American Physicians.” 

Fig. 11 Bottom. Effect of arrest of circulation on 
oxygen tension of skin to toe. 


method have lent themselves to investigation 
of the effectiveness of some therapeutic pro- 
cedures in the treatment of peripheral arterial 
occlusion. Thus far the studies have been made 
mainly on the skin of the extremities. I have 
already spoken of the effect of inhaling oxygen, 
and clinical studies should be conducted to 
learn whether the inhalation of oxygen may 
have some therapeutic effect upon ischemic 
skin. Local heat raises the oxygen tension of 
skin up to a certain point, and then because 
of the increased metabolism, lowers it.*! 
Raising the head of the bed on 7-inch blocks 
increases the oxygen, and presumably other 
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substances, in the ischemic tissue.”> This is more 
striking with the use of an oscillating bed but 
only if it is used properly.*® I am told by Dr. 
Penneys and Dr. Forno that Buerger’s exer- 
cises have this advantageous effect, and I have 
observed a considerable increase in oxygen 
tension in an ischemic foot when a patient sat 
up in bed after lying in a recumbent position. 

We have a great respect for skin in the prob- 
lems of peripheral vascular disease, but I think 
these are enough examples of the use of the 
electrode in skin. Dr. John Sayen and his group 
have for several years been studying the oxygen 
of the intact myocardium of the dog.*? They 
found that oxygen inhalation and, independ- 
ently, norepinephrine or epinephrine intra- 
venously, increased myocardial oxygen tension, 
and that coronary artery obstruction dimin- 
ished it. They have shown, on occluding the 
coronary artery, that the cells of the left ven- 
tricle extract most of the oxygen from the 
ischemic tissue in about 30 seconds. Intramyo- 
cardial oxygen tension must be diminished to 
about half its normal value before epicardial 
electrocardiographic changes begin. Breathing 
oxygen failed to increase the oxygen tension in 
the center of severely infarcted areas, but 
increased it considerably in the surrounding, 
less severely ischemic areas. Under certain 
circumstances norepinephrine was, surpris- 
ingly, about as effective as oxygen inhalation.” 

The values of oxygen tension in the myo- 
cardium are probably much more directly 
influenced by the oxygen in the minute vessels 
than is the case in skin or resting muscle, but 
this in no way decreases the value of these 
experiments. For this reason the term “oxygen 
availability” rather than ‘“‘tissue oxygen ten- 
sion’’ is used by Sayen and his group. 

Our own studies in resting skeletal muscle 
are in preliminary stages. The first work was 
on the cooled hind leg of the rabbit. The oxygen 
tension usually falls a little with cooling; 
while the limb is cool, the inhalation of oxygen 
increases the oxygen tension to above the level 
found in warm muscle. This work has a bearing 
on the problem of the etiology of immersion 
foot.?6 

In the skeletal muscle of man we learned that 
there are marked variations in the oxygen 


tension of resting muscle in different regions 
that are undetected when larger electrodes »re 
used.” We suspect that this results from var a- 
tions in the circulation in closely contigucus 
spaces. Dr. Horwitz’s recent studies on chan; es 
in oxygen tension in resting skeletal muscle of 
man seem to show that the diameters of th: se 
spaces are of the order of magnitude of 1 
mm.*! This dimension corresponds closely wh 
the microscopic observations of Zweifach, of 
open and closed vessels of resting muscle.“* 

When appropriate electrodes are used in t ie 
muscle of the forearm, it is clear that passi ‘e 
elevation of the arm decreases the oxyg n 
tension, whereas lowering the arm increas.s 
it.45 

A number of other investigators have macle 


important contributions in these past years ly 


measuring oxygen in various tissues with tiie 
platinum electrode. Modifications in technic 
have been used but I must not take time io 
point out the advantages of each. I shall not 
include those studies in which attempts were 
made to measure oxygen tension of blood. The 
Johnson Foundation group in Philadelphia’? 
and Dr. MeCulloch’s group in Chicago?! ~ 
have shown the changes in oxygen tension of 
the cortex of the cat’s brain during Metrazol- 
induced convulsions, and more recently, the 
changes resulting from various ions, and from 
oxygen poisoning.’*** The former included a 
study of the rate of oxygen utilization by the 
cortex, the study being made by occluding the 
blood supply and noting the resultant rate of 
decrease of oxygen tension.2° Meyer and co- 
workers have studied the changes in oxygen 
availability in the cerebral cortex of monkeys 
and cats by polarographic measurements fol- 
lowing arterial ligations.‘® Recently Kaplan’s 
group made similar measurements in the hypo- 
thermic cortex of the dog following vena caval 
ligation.*° Dr. D. K. Hill in Cambridge, Eng- 
land, very ingeniously applied the technic to the 
question of oxygen tension and oxygen utiliza- 
tion of muscle of the frog’s leg.®*' Recently 
Gabel injected epinephrine _ intra-arteriall: 
into intact and into perfused-denervated legs o* 
dogs, and measured polarographically the oxy 
gen tension of the skin and of the muscle of th: 
legs. In both the intact and perfused-dene1 
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vat d legs the injection was followed by a fall 
in te oxygen tension of the skin and by a rise 
in he oxygen tension of the muscle.*? Olsen 
Schroeder in St. Louis found a decrease in 
zen tension of the renal cortex in experi- 
tal hypertension.®* Behrmann and associ- 
studied changes in oxygen tension in 
ous tissues of dogs in response to inhalation 
arious mixtures of oxygen.** Recently Kay 
an Coxon in Oxford have studied the effect in 
in abbits of inhalation of various oxygen mix- 
tures upon the subcutaneous oxygen tension :°5 
broathing pure oxygen increased the oxygen 
te.sion of the subcutaneous tissue some 3 
tines, a result comparable to that found by 
Taylor when subcutaneous bubbles were 
anilyzed.*® Studies on dogs in the Harrison 
Department of Surgery of the University of 
Pennsylvania have shown the effect of moder- 
ate hemorrhagic shock on oxygen tension in 
muscle and liver.*7 


SUMMARY 


It seems fair to say that prior to the use of 
the oxygen electrode there was a static concept 


of the oxygen tension of tissues. This was true 
in spite of the fact that Bazett and Sribyatta, 
with the gas bubble technic, had demonstrated 
one example of a labile oxygen tension, in the 
subcutaneous space of man.’ They of course 
could not show the rapidity with which the 
changes take place. Experiments with the 
polarographic technic have shown that pro- 
found changes in oxygen tension can take place 
very rapidly, all the way from values approach- 
ing that of arterial blood down to zero. 

In vasodilated skin oxygen tension ap- 
proaches that of arterial blood. When different 
concentrations of oxygen are breathed, the 
changes in oxygen tension in such skin closely 
follow those of the arterial blood. When the 
circulation to skin is limited by peripheral 
ar‘erial occlusion, oxygen is reduced and does 
not increase on vasodilatation as much as does 
thit of normal skin. When a normal person 
breathes oxygen, the oxygen in the tissues that 
us little oxygen quickly reaches a pressure 4 or 
5 ‘mes that produced when he breathes air. In 
th» case of tissues that use greater amounts of 
ox ‘gen this relationship is not so close. The 


higher tensions have not been found in the 
tissues that use the most oxygen. The transfer 
of oxygen from the capillaries to the tissue is 
rapid but not instantaneous. 

The usual ranges of oxygen tension of various 
tissues such as skeletal muscle, heart muscle, 
brain, etc., are not yet known in terms of mil- 
limeters of mercury, but this should now be 
possible. It is hoped that local metabolisms 
will be measured reasonably accurately in 
intact tissues within the body. Perhaps the 
storage of oxygen by myoglobin and cyto- 
chromes can be derived, again in situ, from the 
metabolism and the rate of change of oxygen 
tension when the circulation is arrested. 

The potentialities of the oxygen electrode 
are great, but limitations of the method should 
be respected. Iurther development of the 
method may free it of some of its defects. 
Other methods may supplant it, but if so they 
will need to be equally rapid and more capable 
of exact calibration. 

In closing this presentation I want to thank 
our chairman, my friend Dr. Arthur Merrill, 
for allowing me to speak to you. I want also to 
thank Dr. George Brown, in memoriam, for 
his pioneering in the paths of study of the 
interrelations of circulatory and tissue physi- 
ology and medicine. 


SUMMARIO IN INTERLINGUA 


Il non es injuste dicer que ante le introduc- 
tion del electrodo a oxygeno le concepto del 
tension oxygenic in le tessutos esseva static. 
Isto valeva in despecto del facto que Bazett e 
Sribyatta habeva demonstrate per medio del 
technica a bullas gasose un caso de labilitate del 
tension oxygenic in le spatio subcutanee del 
homine.!” Evidentemente, iste autores non po- 
teva demonstrar le rapiditate con que le al- 
terationes in question occurre. Experimentos 
per medio del technica polarographic ha pro- 
vate que profunde alterationes del tension 
oxygenic pote occurrer rapidissimemente, co- 
periente le distantia total ab valores proxime a 
illos de sanguine arterial usque al nivello de 
zero. 

In le pelle vasodilatate le tension oxygenic 
approcha illo de sanguine arterial. Quando 
differente concentrationes de oxygeno es in- 
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halate, le alterationes del tension oxygenic in 
tal pelle vasodilatate seque intimemente le 
alterationes que occurre in le sanguine arterial. 
Quando le circulation verso le pelle es restrin- 
gite per occlusion periphero-arterial, le nivello 
de oxygeno es reducite e non se augmenta post 
vasodilatation tanto extensemente como un 
pelle normal. Quando un individuo normal 
inhala oxygeno, le oxygeno in le tessutos con 
basse requirementos attinge rapidemente un 
pression 4+ 0 5 vices plus alte que le pression 
producite per le inhalation de aere normal. In 
le caso de tessutos que utilisa plus grande 
quantitates de oxygeno, iste relation es minus 
nette. Le tensiones altiate non esseva trovate in 
le tessutos con le plus alte requirimentos de 
oxygeno. Le transferimento de oxygeno ab le 
capillares a in le tessuto es rapide sed non in- 
stantanee. 

Le gammas usual del tension oxygenic in 
varie tessutos—musculo — skeletal, musculo 
cardiac, cerebro, ete.—ha non ancora essite 
determinate in mm Hg, sed il pare que tal 
determinationes es nunc possibile. Il es a 
sperar que metabolismos local va esser mesu- 
rate satis accuratemente in tessutos intacte intra 
le corpore. Possibilemente le immagasinage de 
oxygeno per myoglobina e cytochromos pote 
esser derivate (equalmente in situ) ab le me- 
tabolismo e le proratas del alteration in le 
tension oxygenic quando le circulation es 
arrestate. 

Le potentialitates del electrodo a oxygeno es 
grande, sed limitationes del methodo debe esser 
respectate. Disveloppamentos futur va _possi- 
bilemente eliminar certe defectos del methodo. 
Il non es impossibile que altere methodos va 
reimplaciar lo, sed si isto occure, le nove me- 


thodos debe esser capace del mesme rapiditate 
e de plus exacte calibration. 
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Medieal Eponyms 


By Rosert W. Buck, M.D. 


Pick’s Disease. Dr. Friedel Pick (1867-1926), First Assistant in the First German Medical 
Clinie at Prague, described ‘Chronic Pericarditis (Pericarditic Pseudocirrhosis of the Liver) 
Simulating the Course of Cirrhosis of the Liver, with Observations on the Frosted Liver (Cursch- 
mann)”’ (Ueber chronische, unter dem Bilde der Lebercirrhose verlaufende Pericarditis (pericarditische 
Pseudoleber-cirrhose) nebst Bemerkungen iiber die Zuckergussleber (Curschmann) in the Zeitschrift 
fiir klinische Medicin 29: 385-410, 1896. 

“There is a symptom complex (pericarditic pseudo cirrhosis of the liver) which simulates one of 
the mixed forms of cirrhosis of the liver (enlarged liver), marked ascites without jaundice). This 
results from disturbances in the circulation of the liver caused by a latent pericarditis. These lead 
to an overgrowth of connective tissue which produces marked ascites by causing congestion in the 
portal circulation. 

“The condition usually occurs in young persons but may be seen in later life. 

“The following points are to be considered in the differential diagnosis: absence of any etiological 
cause for cirrhosis of the liver, a history indicating a previous pericarditis and a previous edema of 
the legs. Only careful examination of the heart can finally establish the diagnosis.” 





Surgical Treatment of Mitral Insufficiency by Total 
Circumferential “Purse-String” Suture of 
the Mitral Ring 


By Rosertr P. Gtover, M.D., ANd Jutio C. Davita, M.D. 


A new surgical procedure for correction of mitral insufficiency is presented. The clinical and hemo- 


dynamic results in 12 cases are discussed. 


‘CCESS in the surgical treatment of 

stenotic valvular disease of the heart has 
emphasized the urgency for the development 
of «qually satisfactory methods for the cor- 
rection of valvular insufficiencies. This need 
applies particularly to the mitral valve. 

Although mitral stenosis is quite common, it 
is relatively less so in the “‘pure”’ state. Bland 
stated that of 730 cases of rheumatic heart 
disease followed at the Good Samaritan Hos- 
pital in Boston, 128 (18 per cent) had mitral 
stenosis, 115 (16 per cent) had mitral in- 
sufficiency, and 398 (55 per cent) had a com- 
bination involving both lesions. 

The vast majority of patients undergoing 
surgery for mitral stenosis have some degree 
of well tolerated coexisting regurgitation.! In a 
significant number of such cases the degree of 
regurgitation may be aggravated by surgery. 
In a few, serious regurgitation may be pro- 
duced by a technically satisfactory commis- 
surotomy. There are also many patients who 
cannot benefit from surgery for stenosis be- 
cause of ‘too much” concomitant regurgitation. 
In these instances correction or control of the 
regurgitant factor is essential. 

The incidence of mitral insufficiency ap- 
pears to be quite high.'* Most writers agree 
that the initial valvular lesion of rheumatic 
fever is insufficiency.® 

Although the mortality of the acute rheu- 
maiic attack is relatively low, even in patients 
wit definite carditis,® as time goes on the toll 
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is greater. DeGraff and Lingg’ followed 644 
rheumatic patients until their death and 
noted that 75 per cent succumbed before the 
age of 40. The average case showed onset of 
the original attack at age 17, diminished 
cardiac reserve at 28, failure at 30, and termi- 
nated fatally at 33. The factors determining 
the cause of death in such cases are disputable 
although many authors agree that cardiac 
failure in patients with old rheumatic disease 
is often precipitated by rheumatic reactiva- 
tion,® or that failure does not appear in the 
absence of myocardial inflammation.* On the 
other hand, the greatest number of deaths 
from rheumatic heart disease occur in patients 
in whom valvular lesions are present.’ Some 
authorities believe it is the valvular lesions 
that lead eventually to failure and death.® 
It has been stated that the disturbances in 
circulatory dynamics, the symptomatology, 
and the type of heart failure are due to the 
valvular lesion rather than to the disease that 
produced it. The presence of active inflamma- 
tion and the severity and extent of myo- 
cardial damage, and other factors as well, are, 
nevertheless, important in the production of 
failure by reducing the ability of the heart to 
tolerate the strain imposed by the valvular 
dysfunction.!° 

The classic experiments of Wiggers and 
Feil": ° elucidated the importance of a strong 
myocardium in mitral insufficiency and led to 
the conclusion that this lesion cannot be 
tolerated in the presence of a weak muscle. 
There is as yet no satisfactory experimental 
work on the chronic effects of the valvular 
lesion per se upon the heart. It is, however, 
well known that mitral insufficiency produced 
experimentally or in patients is followed by 
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dilatation of the left side of the heart. This 
dilatation subsequently results in hypertrophy 
in order to maintain “compensation” for the 
overload added to the normal work require- 
ments.?: >»18 The enlargement of the left 
chambers results in dilatation of the atrio- 
ventricular ring with consequent increase in 
the magnitude of the regurgitation (relative 
insufficiency). The progression of these phe- 
nomena sets up a vicious cycle that culminates 
in myocardial exhaustion. Although many 
have attempted to do so, the chronic effects of 
mitral insufficiency are yet to be demon- 
strated under controlled experimental con- 
ditions.’?: 142° 

In the light of considerable experience in the 
surgical treatment of mitral stenosis, the me- 
chanical function of the valve appears of major 
importance. Relief of the obstruction clearly 
renders great and lasting improvement?!-* 
in cases that not so long ago were thought 
to show the consequences of myocardial in- 
flammation. Surgery has not altered the course 
of the latter aspect of the disease but com- 
missurotomy has changed the balance of 
factors in the patient’s favor. 

These arguments form the basis for the 
authors’ suggestion that there appear to be at 
least 2 general indications for the correction of 
mitral insufficiency. The first is in the patient 
with mitral stenosis in whom opening of the 
valve is at present contraindicated because of 
concomitant insufficiency or in whom com- 
missurotomy has resulted in significant re- 
gurgitation. The second is in the patient with 
“pure” or predominant mitral insufficiency 
with or without demonstrable myocardial 
disease. Effective correction or amelioration of 
the valvular dysfunction, by relieving this 
source of myocardial overload, may result in 
significant or even marked improvement for 
these patients in whom death is so frequently 
inevitable despite the most assiduous medical 
management. Indeed, the more severe the 
myocardial impairment, the greater might be 
the urgency for the relief of the valvular defect. 

To test these ideas it is first necessary to 
develop a safe technic for correcting the 
mechanical dysfunction. Many methods have 
been suggested that, in general, have been 


based on the principle of repair or replacem» 
of the occluding elements of the valve. Te: 
nics employing prosthetic devices,***° graft 
pericardium or veins,” *-5 or methods 
suturing the leaflets* *':*° have been tr 
Although these procedures have b 
applied clinically in significant num! 
of patients, !*: 23-25, 27-31, 34, 37, 39-42 yoy). | 
with little or no preliminary experime: 
evaluation,”*: 27, 25. 31, 34, 87, 89 no objective « 
dence of their efficacy has been shown. " he 
results have been admittedly unsatisfact ry 
and disappointing?’ or have not been report :d. 
In previous communications*-* the auth rs 
have suggested a new approach to the prob: .m 
based on the principle of reducing the size of 
the orifice that the valve must occlude. ‘I iis 
can best be accomplished by controlled ¢ n- 
striction of the left atrioventricular ring. This 
approach is attractive because it avoids :n- 
tracardiac foreign bodies and _ utilizes fully 


Fic. 1. A view of the left side of the heart with 
the atria cut away just above the atrioventricu‘ar 
groove. The position of the circumferential suture is 
illustrated prior to its being drawn tight. The peri- 
cardial sleeve with which part of the suture is covered 
is not illustrated. After the suture is tied it comes to 
lie in the atrioventricular groove just outside and 
adjacent to the annulus in a ¢oncentrie manner. 
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the . vailable valvular elements. It does not 
enta damage to existent valvular structures 
and loes not reduce the capacity of the ef- 
fecti e atrioventricular orifice. Objective evi- 
den’ has been shown, for the first time, in 
expe imental and clinical studies*: 4° that 
this nethod consistently and effectively cor- 
rect’ mitral regurgitation. 

F. (lowing a preliminary publication of this 
app vach a number of technics have been re- 
port d based on this principle.” *°-”7 These 
tech ics are still too new and untried for 
criti‘al evaluation of modifications of the 
met) od. On anatomic and physiologic grounds, 
alte. extensive laboratory experience with 
many modifications, the authors favor the total 
circumferential constriction of “mitral purse- 
string’ because its effects are consistent ex- 
perimentally and clinically. It makes possible 
accurate reduction of the ring to the optimum 
degree, and it provides permanent stabilization, 
thus preventing future dilatation in the event 
that regurgitation is not totally eliminated.* 

The technic consists of placing an encircling 
suture around the mitral valve ring. The 
anatomic feasibility of the method has been 
clearly shown* (fig. 1). The technical success 
of the operation depends on precision in its 
execution. An exact knowledge of the pertinent 
anatomy is required, as well as practice in 
animals and postmortem specimens. Once the 
technic is mastered, however, it is quite easy to 
perform with consistent accuracy. Relatively 
little intracardiac manipulation and no sig- 
nificant cardiac trauma are involved when the 
procedure is properly performed. No demon- 
strable damage to either the coronary cir- 
culation, the myocardium, the valve itself, or 
the cardiac conduction system has been noted 


* Regardless of the method there will be cases in 
which the pathologic morphology of the valve pre- 
cludss total abolition of regurgitation. Residual 
regi rgitation should be dynamically insignificant if 
the operation is to be successful. Any statement 
mp! ‘ing the complete elimination of insufficiency is, 
ope’ to serious question. Hemodynamic, phono- 
icar liographic, electrocardiographic, roentgenologic 
and objective clinical data, employed as a battery, 
affo d the only acceptable basis for judging the 
deg ee of correction obtained by any given method 
in « .ch individual ease. 


when the technic is correctly performed in 
controlled experiments. Narrowing of the 
normal mitral annulus to the degree necessary 
to correct otherwise fatal experimental in- 
sufficiency in dogs has not been associated with 
the creation of stenosis and has not produced 
significant hemodynamic changes beyond those 
indicative of correction of the insufficiency.“ 


CasE Reports 


The first 12 consecutive cases treated by this 
method are summarized here (tables 1-3) to empha- 
size (1) the clinical applicability of this method, (2) 
the immediate correction of regurgitation even in 
cases where annular dilatation was not the major 
valvular pathologic factor, (3) the improvement 
that follows correction of regurgitation even in far 
advanced stages of the disease or in the presence of 
probable recurrent rheumatic activity, and (4) the 
value of objective data in judging the result. 


Case 1 


R. M. (No. 164783). This 28-year-old woman was 
admitted to Presbyterian Hospital on January 12, 
1955, complaining of shortness of breath on exertion. 
At age 16 she was told that she had a “‘leaky heart.” 
One year prior to her present admission she was 
hospitalized elsewhere because of congestive heart 
failure. Six months prior to her present admission 
she began to have dyspnea. Symptoms progressed 
rapidly, with severe dyspnea, orthopnea, moderate 
ankle edema, inability to work, and almost com- 
plete inactivity for 3 months and sudden syncope 
while at rest 1 week before admission. She then 
improved considerably upon treatment with digi- 
talis and diuretics. 

Physical examination revealed a buxom woman 
in no severe discomfert. The lungs were clear. A 
marked precordial pulsation was observed. The 
cardiac rhythm was totally irregular. There was a 
grade III to IV, rough mitral systolic murmur and 
a grade II to III mitral diastolic rumble. There was 
also a harsh, grade II systolic murmur heard over 
the aortic valve, transmitted to the neck. The 
mitral first sound and the pulmonic second sound 
were accentuated 2 plus. The liver was not palpable. 
There was no dependent edema. 

Laboratory results were normal. Roentgenologic 
examination revealed clear lung fields and a large 
sardiac silhouette (fig. 2). The electrocardiogram 
showed atrial fibrillation and right ventricular 
hypertrophy. A phonocardiogram showed a prom- 
inent apical systolic murmur and no diastolic ab- 
normalities. The second heart sound was accen- 
tuated. A brachial artery tracing was considered 
compatible with minimal aortic stenosis. 

The patient was operated upon on January 20, 





664 


1955. The lung was moderately turgid but expanded 
well. A systolic, prominent thrill was palpable over 


the lateral and posterior aspects of the left atrium. 


ere were no thrills over the left ventricle or the 
There wer thrill r the left tric] tl 


aorta. The aortic valve ring was not abnormal to 


Brachial a 


125 


118/75 


artery 


TABLE 1. 


(80) * 
25/14 (18) 


8 


1 5/-3 
—3 (-—2) 


] 


(94) 


All pressures in mm. Hg. 


Right atrium 


15/ 


83/10 


Right ventricle 
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external examination. Intracardiac pressures were 
measured directly (table 2). 


Digital intracardiac examination revealed a vrade 


(40) 


30/0 (10) 


7 (11) 


75/-1 


20/-—5 


31/—6 


48/0 
80/2 


(30) 


(7) 


50/10 (18) 


* Figures in parenthesis indicate mean pressures. 


+ Catheterization done elsewhere. 


t Data not obtained due to technical difficulties. 
§ Pulmonary venous or capillary pressure. 


TABLE 2. 


Before 
After 
Before 
After 
Before 
After 
Before 
After 
Before 
After 
Before 
After 
Before 
After 
Before 
After 
Before 
After 
Before 
After 
Before 
After 
Before 
After 


Left atrium 


30/10 (17) 
19/6 (11) 
78/15 (35) 
17/7 (11) 
24/6 (14) 
22/11 (15) 
28/11 (17) 
18/6 (11) 
38/5 (19) 


27/0 
10/0.5 
20/-—3 
5/—4 
48/13 
25/—-7 


24/14 
100/60 


47/—10 
0/—10 
29/7 
8/1 


Left ventricle 
108/—10 (25) 
106/—3 (27) 
110/10 (50) 
115/6 (54) 
112/2 (45) 
160/—3 (60) 
155/—2 (55) 
150/—2 (55) 
102/—5 (38) 


80/—8 
96/—4 
90/-—8 
92/—10 
128/0 
112/0 
115/0 


128/? 


100/—8 
100/—10 
138/—8 
138/—2 


Aorta 


110/55 (80) 


130/65 (90) 
105/62 (80) 
110/80 (87) 


128/78 
132/84 


RPA 
LPA 


80 
35 


56/ 


8S 


85/ 


Pressures Obtained by Cardiac Catheterization 


Pulmonary artery 


/47 (60) 
/5 


(24) 


30 (40) 
35 (50) 
35 (55) 


28/10 


30/11 


46/ 
76/ 


(20) 


11 
36 


Pulmonary artery 


110/65 (84) 
102/58 (75) 


54/25 (37) 
54/26 (37) 
110/70 (82) 


48/12 
25/12 
24/7 

120/60 
94/44 
33/10 


76/3 


30/0 
18/0 
116/60 


III regurgitant jet over the entire mitral \ alye 
orifice. The effective orifice admitted 21% to 3 fin zers, 


Pulm. ven. ca § 


20/11 (14 
14/11 (12 


16/5 


16/-—1 (7 


49/17 
29/15 


(16) 


Intracardiac Pressures Obtained During Surgery before and after Circumferential Suture 


Systemic artery 


105/95 
110/100 


130/15 
120/110 
110/80 


120/70 
110/70 
110/90 
110/80 
120/80 
140/80 

90/80 


105/60 


90/70 
80/70 
130/106 

| 130/10 
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Fig. 2. Anteroposterior roentgenograms taken preoperatively (left) and 
(right) in ease 1. 
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TABLE 3. —Pertinent Data in Twelve Cases 


|Rhew| Immediate | 
— C|  hemo- 
ac- | dynamic 
result 


Pre- 
operative 
stage of 
disease 


Survival | 
| time be- | Cause of death | 
| fore death 


Present 
status 


| clinical 
result 


Excellent Far ad- | Good Excellent 


vanced 


2 months 


Advanced dis- | Terminal Excellent | Good 


ease 


Excellent Far ad- 


vanced 


Fair Excellent 


Advanced Terminal Good 
multivalvu- 
lar disease 

Ventricular fi- 
brosis before | 
purse string 

Advanced dis- 
ease 

Advanced dis- | 
ease 


Advanced dis- 


3 weeks 


Terminal 


3 months Terminal Excellent | Excellent 


Good to 
Excellent 
Good 


5 months | Terminal Excellent | 


Far ad- Good 
vanced 
Terminal 


6 weeks 
ease 
Fair -- Fair to 
Good 
Ventricular fi- | Terminal 
brosis 1 hr. 
postop. 
Technical error Good 


Far ad- Excellent 


vanced 


3 months 


Excellent Far ad- Excellent | Excellent 


vanced 


Immediate | 


Slight increase 


| Aortic 


Comments 


| Slight increase in 


intensity of sys- 

tolic murmur 
Died in congestive 

failure 
in 
intensity of sys- 
tolic murmur 
stenosis, 
tricuspid regurgi- 
tation 


Sudden unex- 
plained death 


| Sudden unex- 


plained death 
Pulmonary edema 
at autopsy 
Ventricular 
lation 65 
with recovery 
Laceration aortic 
cusp at previous 
operation 
Infected 
tions 
in left 


fibril- 


min, 


vegeta- 
suture 
atrium 


on 


1 year postoperatively 
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the potential orifice was enlarged to a capacity of 4 
to 5 fingers.* The valve leaflets were only moderately 
thickened but quite tense, stretching across the 
atrioventricular orifice like a diaphragm. The aortic, 
or septal, leaflet was large and very pliable. The 
mural leaflet was short, rolled, and fixed. The com- 
missures were rounded by a slight degree of fusion 
or searring. There was no calcification. The chordae 
tendineae were thick, short, and tense. 

A circumferential suture was placed as described 
elsewhere.“ When the suture was tied, the regurgi- 
tant jet immediately diminished to a “whiff” 
localized to the region of the posteromedial commis- 
sure that was barely detectable by the intracardiac 
finger. The potential orifice was reduced to a 
capacity of approximately 3 fingers. The effective 
orifice remained unchanged. The aortic leaflet of the 
mitral valve was felt to relax and move almost like 
a normal leaflet, closing quite efficiently during 
systole. Direct intracardiac pressure tracings then 
showed a significant drop in atrial pressure (table 
2). 

The postoperative course was uneventful. 
Frequent postoperative electrocardiograms showed 
an axis shift to the left and episodes of atrial flutter- 
fibrillation but were otherwise unremarkable. 
Chest roentgenograms showed a significant decrease 
in the cardiac silhouette (fig. 2). A systolic murmur 
was still present, but it was a soft, short, grade I 
murmur. The postoperative phonocardiogram sub- 
stantiated the marked decrease in intensity and 
duration of the murmur. No diastolic murmur was 
noted. 

The patient was last observed 12 months after 
surgery. She was able to do all but the heaviest 
housework shortly after the first month and after 
4 months she returned to work as a seamstress. 
Examinations have shown constant clinical improve- 
ment. The chest x-ray, electrocardiogram, and 
phonocardiogram have not changed significantly 
since discharge. She gained 30 pounds in weight and 
has remained completely asymptomatic. She con- 
tinued to take digitoxin. 


approaches what 


Comment. This patient 
may come to be considered the ideal case for 


treatment by this method. Preoperatively 
there was considerable question as to the 


* The term “‘effective orifice’’ refers to the opening 
that is bounded by the edges, or “‘lips,’’ of the mitral 
valve cusps. This orifice determines the effective 
atrioventricular diastolic flow. The term ‘‘potential 
orifice’ refers to the opening that would result if the 
valvular occluding elements were eliminated com- 
pletely. The size of this ‘‘valveless’”’ atrioventricular 
communication is generally determined by the 
annulus fibrosus. These terms are fully discussed 
elsewhere.* 


cc 


diagnoses of mitral stenosis versus mitrs] jn. 
sufficiency. This is the first recorded ©: se jn 
which objective evidence of correction of itr] 
regurgitation is available. 


Case 2 


B. F. (No. 164854). This 24-year-old ‘hite 
woman was admitted to the Presbyterian H. ita] 
on January 15, 1955. She had rheumatic fey at 
age 9 and was confined to bed for 2 years. 19 
rheumatic fever recurred and left her a semi-i -alid 
ever since. In February 1952 an operation dis. )sed 
“pure”? mitral regurgitation, which was no! cor- 
rected. Progressive cardiac failure develope: vith 
ascites, ankle edema, shortness of breath, ortho nea, 
venous engorgement of the neck, and a ch nie, 
nonproductive cough that persisted despite ab- jute 
bed rest and a rigid medical therapeutic reg en, 

Physical examination revealed an emac_ ted, 
dyspneic young woman. There were m: ked 
engorgement of the neck veins and a strong. pre- 
cordial “heaving.” The lungs presented scattvred 
fine rales. The heart rhythm was totally irregular, 
There were a prominent apical systolic thrill and a 
grade IV, rough, mitral systolic murmur transmit- 
ted to the axilla, back, and left sternal border. The 
aortic second sound was diminished. The pulmonic 
second sound was accentuated 2 plus. The mitral 
first sound was greatly diminished. A grade II, 
mitral, diastolic rumble was detected by some 
examiners but not by others. A firm, tender liver 
was palpable 5 fingers below the right costal margin 
and pulsated slightly. Two-plus pretibial edema and 
ascites were present. J 

Preoperative laboratory studies were not remark- 
able. Roentgenologic examination revealed left 
basal pleural thickening and an enormous cardiac 
shadow (fig. 3). Electrocardiograms showed evidence 
of combined heart strain and hypertrophy with 
predominance on the right as well as atrial fibrilla- 
tion and frequent ectopic ventricular beats. A 
phonocardiography showed prolonged systolic vibra- 
tions of moderate amplitude, but no diastolic mur- 
mur (fig. 4). Cardiac catheterization data are sum- 
marized in table 1. 

Surgery was performed on February 1, 1959. 
The pleural and pericardial cavities were obliterated 
by dense adhesions. The heart was enormous; it 
seemed to fill the chest. There was no left atrial 
appendage. A strong systolic thrill was palpable 
over the entire left atrium. Direct intracardiac 
pressure tracings were made (table 2). The left 
atrium was entered through an artificial rubber 
appendage sewn onto its anterolateral surface. 
There was a strong, wide, grade IV systolic jt. 
The effective orifice admitted 3 to 4 fingers, ‘he 
potential orifice 5 fingers. The valve leaflets wre 
shortened, slightly thickened, tense, and diaphrag 1- 
like. The mural leaflet was rolled and fixed. Th re 
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le, if any, fusion at the commissures, and no 
1 was present. The circumferential suture 
ced and the potential orifice was reduced to 
ity of 3 to 4 fingerbreadths but the effective 
remained unchanged in size. The regurgitant 
tically disappeared, the size of the left 
le diminished visibly and the left atrium, 
had been very tense and distended, became 
Intracardiac pressure tracings were repeated 
2). 

operatively the patient was hypotensive and 
«| vasopressor drugs. Positive pressure oxygen 
cessary for about 3 hours. In 24 hours, how- 
the vital signs stabilized. Retained tracheo- 
ial secretion required aspiration and muco- 
aporization, but after the fourth postoperative 
ier, course was smooth and she improved 
ssively except for several episodes of epis- 
which required cauterization of the nasal 
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membrane. The ascites disappeard in 3 weeks. 
The liver receded to 1 or 2 fingerbreadths beneath 
the right costal margin. Daily electrocardiograms 
during the first postoperative week and_ periodic 
tracings after that showed no new abnormality. 
She developed mild anemia and an elevated sedi- 
mentation rate (82 mm. per hour) on the eighteenth 
day after operation. The antistreptolysin and strep- 
tococcal antihyaluronidase titers at this time were 
128 and 384 respectively, which are intermediate 
but compatible with rheumatic activity. After 4 
weeks the patient’s condition was improved; she 
was ambulatory most of the day and was afebrile, 
the liver was no longer palpable, and she had no 
shortness of breath or orthopnea. A grade I apical 
systolic murmur was audible, and the phonocardio- 
gram showed a marked decrease in the systolic 
murmur vibrations. There was only slight, if any, 
decrease in the cardiac silhouette on x-ray. 


Fic. 3. Posteroanterior and left lateral roentgenograms, taken preoperatively in case 2, showing 


intractable congestive failure. 


AFTER 


1) (8P "!'Y%oo) 


44) (0° Foc} 


AN AA 


Fra. 4. Phonocardiogram and direct left atrial and left ventricular pressure pulse tracings before 
and after surgery in case 2. Note the dramatic pressure changes and also the changes in contour. 
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The patient was discharged on February 20, 1955, 
in a much improved state, which continued for a 
month. However, during the last week in March 
she developed what appeared to be an upper respira- 
tory infection associated with fever and signs of 
decompensation. Frank congestive failure with 
hemoptysis rapidly followed. The downhill course 
continued and she died at home on April 1, after 
4 days of anuria. An autopsy was not performed. 


Comment. Correction of the regurgitation, as 
shown by the hemodynamic studies and 
phonocardiogram, probably accounts for the 
rather remarkable and rapid initial improve- 
ment. However, without postmortem studies 
one can only speculate as to the factors de- 
termining her ultimate demise. Rheumatic 
activity is strongly suggested by some of the 
arly postoperative studies as well as by the 
terminal course. 


Case 3 


P. F. (No. 165623). This 27-year-old white woman 
was admitted to the Presbyterian Hospital on 
February 14, 1955, complaining of exertional dysp- 
nea, orthopnea, fatigability, and periodic ankle 
edema. She had been told that she had heart disease 
at the age of 14 after a routine school physical 
examination. She had pneumonia the following year 
and again in 1944, at which time she was treated 
with prolonged bed rest and oxygen and was told 
that she had a bad heart. She was completely 
incapacitated for the next 5 years, being unable to 
engage in any useful activity. Gradually improve- 
ment followed until age 22 when she married. She 
had 1 pregnancy during which she noted moderate 


exertional dyspnea and ankle edema. Six months 
before her present admission she was hospitalized 
for 10 weeks with atrial fibrillation that was treated 
with digitalis and quinidine. Thereafter sh» was 
unable to carry on her usual household acti ‘ities 

Physical examination revealed a well deve oped, 
tense young woman. There were fine rales a‘ both 
lung bases. The cardiac rhythm was totally irr ula) 
and there was a prominent apex impulse. A :rade 
III mitral systolic murmur transmitted to th: base 
and axilla and a grade IT systolic murmur oy r the 
aortic area were heard. A grade II mitral di: stolic 
rumble followed the opening snap. The aortic s ‘cond 
sound was present but split, and in the mitrs first 
sound and the pulmonic second sound were ; :cen- 
tuated. The liver was palpable 1 fingerb: adth 
below the right costal margin but there ws no 
dependent edema. 

Laboratory studies were not remarkable. FP vent- 
genologic examination showed an enlarged eart 
with calcification in the region of the mitral valve 
(fig. 5). The electrocardiogram showed com ined 
ventricular strain and atrial fibrillation. Piono- 
cardiograms showed vibrations of wide amp!itude 
lasting for about one third of systole following the 
first sound. There were also diastolic vibrations of 
long duration but relatively small amplitude. The 
data of cardiac catheterization are summarized in 
table 1. 

At surgery, on February 2, 1955, the lungs were 
moderately turgid and the pericardium contained 
300 ml. of fluid. There were a grade I systolic thrill 
over the aortic root, slight dilatation of the ascending 
aorta, a strong systolic thrill over the entire atrium, 
and a prominent diastolic thrill over the left ventri- 
cle. Externally no calcification of the aortic valve 
could be detected. Intracardiac pressures were taken 
(table 2). Intracardiac exploration revealed mitral 


Fic. 5. Anteroposterior roentgenogram taken preoperatively (left) and 11 months postoperatively 
(right) in case 3. 
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steno. s With an effective orifice that admitted 1 to 
114 { gers and marked calcification in the region 
of th. posterior commissure. However, the leaflets 
retail d moderate pliability even though they were 
thick ned and rolled. The potential orifice was 
enlar. ed moderately with a capacity of 3 to 4 
finge . A grade III regurgitant jet was palpable. 
As needle for the circumferential suture was 
man: ulated around the medial zone of the ring, 
vent cular fibrillation appeared. The needle was 
with vawn and cardiac massage and resuscitative 
meas res were carried on for 22 minutes until ef- 
fecti e ventricular contractions were restored and 
the | cart beat improved progressively. The blood 
press tre became stabilized in about 15 minutes. The 
sutuie was then placed easily without further dis- 
turb nces of myocardial action. Anterolateral 
comissurotomy was then performed whereupon the 
regu gitant jet increased markedly in intensity and 
size. After the circumferential suture was tied, the 
jet diminished dramatically. Effective action of the 
aortic leaflet of the mitral valve was clearly palpable 
even though the leaflet margin was indurated. The 
effective orifice there admitted 2 to 2% fingers 
and the potential orifice 214 to 3 fingers. A small, 
faint jet was still detectable posteriorly. Pressure 
readings were repeated (table 2). 

Postoperatively the patient did very well despite 
an interval of hypotension and lassitude lasting 
about 48 hours. There was rapid clinical improve- 
ment with no signs of congestive failure at any time 
postoperatively. Electrocardiograms showed no 
significant changes. The phonocardiogram showed 
a marked decrease in the systolie murmur. On 
auscultation a grade I to II systolic apical murmur 
and a grade I diastolic apical murmur were heard, 
but the murmur at the aortic area was unchanged. 
The x-ray of the chest showed no significant change 
in cardiae size. The patient left the hospital in 
excellent condition on March 30, 1955. 

She remained asymptomatic until May 23, when 
she was readmitted to the hospital with a diagnosis 
of left basilar pneumonitis. Cardiac examination 
was unchanged. She improved promptly with anti- 
biotics and was discharged in 2 weeks. 

She was admitted again on June 28 after another 
asvinptomatic interval because of left-sided chest 
pain. A left pleural effusion was found that required 
thoracentesis. Prompt improvement followed and 
she left the hospital in 11 days. 

she was last seen 6 months later, still completely 
as) mptomatic. She has been doing most of her 
ho sework for approximately the past 5 months. 
El -trocardiogram, phonocardiogram, and findings 

yhysical examination were essentially the same 
hose of her original discharge from the hospital 
wing surgery. An x-ray of the chest 11 months 

r operation showed reduction in cardiac size 


Comment. This is the first case in which we 
had an opportunity to test the efficacy of this 
method for correcting mitral regurgitation in a 
valve in which a “double lesion” was present. 
Despite only slight enlargement of the annulus 
and considerable induration and calcification 
of the valve the mitral purse string diminished 
the regurgitation to a marked degree. Whether 
the degree of regurgitation was more important 
before surgery than the coexisting stenosis is 
impossible to know. It is certain, however, that 
the aggravation of the regurgitant factor 
following the commissurotomy would have 
been of very serious consequence had it not 
been controlled by the suture. 


Case 4 


B. W. (No. 165890). This 41-year-old white 
woman was admitted to the Presbyterian Hospital 
on February 25, 1955. She had rheumatic fever at 
age 11, and 1 year later she was unable to climb 
steps, was dyspneic, and had pain in her back and 
chest. During the next few years she was hospitalized 
several times and required digitalis and occasional 
diuretics during these episodes. She improved and 
did well until age 31, when dyspnea lasting several 
weeks followed a ‘“strept’’ infection. She married 
and had an uneventful pregnancy and a normal 
delivery at age 34. Until 1954 she was reasonably 
well but she did not do much work and was under 
constant, careful medical observation. In the year 
before admission she had frequent attacks of 
paroxysmal cough as well as weakness, increased 
dyspnea on exertion, orthopnea, and ankle edema. 

On physical examination she was orthopneic and 
had frequent dry cough. There was moderate en- 
gorgement of the neck veins, dullness over both 
lung bases, and crepitant basal rales. The cardiac 
rhythm was totally irregular. The apical impulse 
was prominent. A grade IV systolic murmur was 
loudest at the apex and transmitted to the axilla; 
there were also a grade II mitral diastolic murmur 
and a grade II aortic systolic murmur. The mitral 
first sound and the pulmonic second sound were 
accentuated 2 plus and the aortic second sound was 
present. The liver was palpable 3 to 4 fingers below 
the right costal margin, and there were dullness in 
the flanks and moderate ankle edema. 

Laboratory studies were not remarkable. X-ray 
showed a large pleural effusion on the left and an 
enlarged heart (fig. 6). The electrocardiogram 
showed changes considered compatible with rheu- 
matic carditis. Phonocardiograms showed vibrations 
of wide amplitude throughout systole at the apex as 
well as over the aortic area. The aortic vibrations 
were of greater amplitude in mid systole. The pul- 
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monic second sound was marked by very wide 
deflections. There was no diastolic abnormality. 

Cardiac catheterization performed elsewhere 1 
week earlier was compatible with significant aortic 
and mitral lesions. The pressures are listed in table 
se 

Surgery was performed on March 1, 1955. The 
left pleural cavity contained 1200 ml. of fluid, the 
lungs were turgid and discolored, and there was a 
dense adhesive pericarditis. A coarse systolic thrill 
was palpable over the lateral and posterior surfaces 
of the left atrium. There were a grade I to II post- 
stenotic dilatation of the aorta and a grade II aortic 
systolic thrill. Considerable thickening and indura- 
tion about the aortic valve was found. Direct 
intracardiac pressure tracings were taken (table 2). 
Digital exploration of the mitral valve revealed 
extensive damage consisting of a stenosis of the 
effective orifice to 1 to 11% fingers, with dense 
calcification almost entirely around the _ orifice. 
The potential orifice was only slightly, if at all, en- 
larged, admitting to 3 to 31% fingers. The leaflets 
were thick and of the consistency of shoe leather. 
The aortic leaflet of the mitral valve retained some 
degree of flexibility of its base and body. The orifice 
was slit-like and did not open well in diastole. A 
grade IJ to III regurgitant jet was present. 

Both commissures were opened and the effective 
orifice was enlarged to 2% fingers, but the regurgi- 
tant jet increased to grade IV. There was significant 
improvement in the motion of the aortic leaflet. A 
circumferential suture was placed and the mitral 
ring was reduced to a capacity of 214 fingers, but 
the effective orifice was not reduced. The regurgitant 
jet was then detectable posteriorly only and was 
reduced to grade I or less. Intracardiac pressure 
readings were repeated (table 2). 

Aortic commissurotomy was judged inadvisable 
in view of the condition of the myocardium and of 
the relatively low aortic-ventricular gradient. 


Postoperatively there was mild hypotensic» fo) 
the first 48 hours. During the ensuing 5 days pri gress 
was good except for a daily temperature spi':e to 
101 F. The edema, hepatomegaly, and dy-pneg 
diminished notably within the first 10 days. The 
patient improved further, becoming afebri!- op 
antibiotic and cortisone therapy. In the third ost. 
operative week she became listless and comp! ined 
of fatigue. Signs of congestive failure reappc red, 
A mild electrolyte imbalance was corrected bu the 
patient continued to deteriorate. On the twer ‘ieth 
postoperative day she became comatose and 
cyanotic; severe hepatomegaly and marked e. ema 
were present. She died on the twenty-second _ ost- 
operative day. 

An autopsy was performed that disclosed mu. iple 
fresh small pulmonary infarcts and areas of bro: cho- 
pheumonia with evidence of chronic passive con- 
gestion, fibrosis, and pulmonary edema. There vere 
also hemosiderosis and anthracosis of the lung and 
pleural thickening. The liver was cirrhotic, anv the 
spleen showed marked changes of chronic pa sive 
congestion. The kidneys showed arteriolar ne) hro- 
sclerosis. The adrenal glands showed changes of 
chronic passive congestion. 

The heart was very large. There was severe 
mitral, aortic, and tricuspid valve damage. The 
mitral and aortic valves were severely calcified. 
There was significant aortic stenosis. The tricuspid 
valve leaflets were fused at the commissures but 
there was a large, rounded, effective tricuspid 
orifice that admitted 3 fingers; the leaflets did not 
close. The mitral “purse-string’”’ suture was placed 
accurately, the potential orifice being as described 
at surgery. The stiffened aortic leaflet of the mitral 
valve could occlude the orifice quite well. The effec- 
tive orifice admitted 2 to 21% fingers. The myo- 
cardium showed chronic rheumatic disease. The 
coronary arteries were patent. 


Fic. 6. Posteroanterior and left lateral roentgenogram, preoperatively, in case 4. Note left pleural 
effusion that could not be cleared by medical means. 
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ment. Autopsy findings in this patient 
intiated the operative impression, sup- 
| by intracardiac pressure studies, that 
nitral stenosis and regurgitation were 
cantly improved by surgery. This was 
istrated dynamically on the pulse dupli- 
‘6 which permitted direct observation of 
lar action. The explanation of the 
perative course and eventual demise of 
vatient is obscure. It was probably related 
e left ventricular insufficiency in the face 
tie stenosis, which was possibly aggra- 
vatc | by the improved ventricular filling. The 
add ional severe tricuspid regurgitation ‘and 
exteusive pulmonary pathology were important 
coniributory factors. 


Case 5 


L.. T. (165936). This 19-vear-old white woman 
was admitted to the Presbyterian Hospital on Febru- 
ary 26, 1955. At the age of 8 years she was hospi- 
talized with rheumatic fever, following which she 
had to be carried upstairs. For 15 years she suffered 
from continual edema, shortness of breath, dyspnes 
on exertion, and occasional chest pain. She was 
unable to do more than a minimal amount of indoor 
walking, and she spent most of her time confined to 
her bed or a chair. She received digitalis and diuret- 
ics for 5 years. Several episodes of epistaxis occurred 
that sometimes required nasal packing. She had a 
chronic cough productive of white sputum with 
occasional blood streaking. Periodically she had 
episodes of vomiting, which lasted 2 or 3 days. 

Physical examination revealed a small, very thin 
girl with pale moist skin. There was engorgement 
of the neck veins. The anterior chest wall was 


prominent and there was marked precordial 
heaving. The lungs were clear except for question- 
able dullness at the left base. The cardiac rhythm 
was totally irregular. There was a grade IV mitral 
systolic murmur, which was transmitted to the left 
axilla, the back, and toward the sternum; no dia- 
stolic murmur was heard. The mitral first sound was 
normal or decreased. The pulmonary second sound 
was accentuated 2 plus and widely split. The liver 
was felt 2 or 3 fingers below the right costal margin. 
There was no significant ankle edema. 

Laboratory studies were not remarkable. Roent- 
genologic examination revealed enormous cardiac 
enlargement (fig. 7). Electrocardiogram showed 
atrial fibrillation, digitalis effect, and right heart 
strain. Phonocardiograms showed prominent, wide 
vibrations in the first half of systole as well as early 
and mid-diastolic vibrations of much less amplitude. 
Cardiac catheterization data are summarized in 
table 1. The pulmonary ‘“‘wedge’’ pressure could not 
be obtained because the loop of the catheter within 
the heart was so large (due to cardiac enlargement) 
that the 100-cm. length of the catheter was not 
sufficient to allow the tip to wedge. 

Operation was performed on March 8, 1955. The 
lungs were turgid and thickened. The left atrium 
was enormous, almost twice the size of the rest of 
the heart. It extended posteriorly and downward to 
the diaphragm. A prominent systolic thrill was 
palpable over the entire left atrium. The direct 
intracardiac pressures are summarized in table 2. 
Left atrial and left ventricular pressure pulse con- 
tours were diagnostic of mitral regurgitation. 
Intracardiac digital exploration revealed annular 
dilatation with a potential capacity of 4 to 5 fingers 
and an effective orifice of 3 to 4 fingers. The aortic 
leaflet of the mitral valve was of the consistency of a 
kid glove and very pliable. It was taut and restricted 
in motion by the chordae tendineae. The mural 
leaflet was rolled and contracted. 


Fic. 7. Preoperative roentgenograms in case 5 showing the marked aneurysmal dilatation of the 
left atrium that is almost routinely found in advanced cases of mitral insufficiency. 





































































































672 


Before the circumferential suture was placed, 
ventricular fibrillation appeared without obvious 
precipitating factor. For 114% hours resuscitative 
measures were carried out—massage, repeated 
electric countershocks, and administration of 
various drugs—to no avail. In view of the massive 
regurgitation and the failure to restore cardiac 












































































































Fic. 8. Two segments of moving picture film taken 
on the pulse-duplicator of the heart obtained at 
autopsy in case 5. From above downward the first, 
second, and third frames on the left show valvular 
action during systole. The fourth to seventh frames 
show the action during diastole. The strip on the 
left is taken prior to constriction of the annulus. The 
strip on the right is taken after circumferential con- 
striction of the annulus. On the right frames 1 to 3 
are in diastole, frames 4 to 7 are in systole. Note the 
clearly demonstrated closure of the valve in systole 
after constriction as compared to the lack of coapta- 
tion of cusps seen before. The dots in frames 3 on the 
left and 2 on the right indicate the position of the 
annulus and the ridge formed by the circumferentially 
constricting suture respectively. 
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action the circumferential suture was placed during 
the fibrillation with brief interruptions of the mag. 
sage. After the suture was tied, the regurgitation 
decreased markedly. The peripheral pulse, syn. 
chronous with cardiac massage was greatly im- 
proved. Despite the better output, however, cx rdiae 
action could not be restored. Finally the left «trial 
wall was lacerated and severe hemorrhage resi lted, 

Autopsy revealed hemosiderosis, chronic ps ssiye 
congestion, vascular thickening, and fibrosis ©’ the 
lungs; chronic passive congestion, periportal fib osis, 
and acute and chronic inflammation of the iver: 
chronic passive congestion of the spleen; and | cute 
and subacute necrotizing glomerulonephritis © the 
kidneys. The adrenal glands showed marked co. tical 
atrophy with acute congestion and lipoid depl: tion, 
The largest chamber of the heart was the left at: ium, 
There was also marked left ventricular dilat: tion 
and hypertrophy. There was no aortic, tricusp: |, or 
pulmonic valvular disease. The mitral valve was 
obviously incompetent. The annulus was casily 
identifiable and greatly dilated, the chordae tendi- 
neae were thick and short, the mitral leaflets were 
incapable of coaptation. On visual and cineniato- 
graphic study on the pulse duplicator the magnitude 
of the regurgitation was quite obvious. It was also 
shown by this method that the mitral purse string 
completely corrected the insufficiency by constrict- 
ing the ring to about 3 to 3.5 cm. in diameter from 
its original of 5.5 to 6 em. diameter (fig. 8). 


Comment. This patient represents a surgical 
death that was due to factors not related to the 
corrective procedure itself, since irreversible 
ventricular fibrillation ensued prior to the 
placement of the circumferential suture. Up 
to this point the patient had undergone the 
usual preliminary exploratory cardiotomy. As 
was shown on postmortem examination, com- 
plete correction of the regurgitation would 
probably have been technically possible in this 


case. 


Case 6 


R. 8. (No. 167057). This 28-year-old Negro 
woman was admitted to Presbyterian Hospital on 
April 11, 1955. Sixteen years previously she had 
“inflammatory rheumatism.” Eight years later after 
a successful pregnancy, she suffered exertional 
dyspnea, orthopnea, and _fatigability. Despite 
digitalis and careful medical management she was 
unable to do any useful work: 

Physical examination revealed marked precor¢ ial 
pulsations. The lungs were clear. Cardiac rhyt\m 
was totally irregular. The aortic second sound co:ild 
not be heard. There was a grade IV mitral syst: lic 
murmur transmitted to the axilla and back and to 
















GLOVER AND DAVILA O07: 


thi pulmonic area. The mitral first sound and the 
pu nonic second sound were both accentuated. A 
le II mitral diastolic rumble was present. There 

a questionable grade II aortic systolic murmur. 
aboratory studies were not remarkable. Roent- 
logic examination revealed fibrosis and pleural 
kening at the lung bases and moderate calcifica- 
over the mitral area. The heart was tremen- 

sly enlarged as in case 5. The electrocardiogram 
wed myocardial damage, atrial fibrillation, and 
bable left ventricular hypertrophy. Cardiac 

heterization data are summarized in table 1. 

» phonocardiogram showed systolic vibrations of 

e amplitude and medium frequency lasting 

, oughout systole as well as less impressive early 

stolic vibrations. The first sound at the apex and 

second sound over the pulmonic valve were 
entuated. 

\t operation on April 19, 1955, the lungs were 

vid and thick and the heart was enormous. The 

lls of the aneurysmal left atrium appeared pale 

id fibrous, noncontractile, and tense. Left atrial 
enlargement extended inferiorly to the diaphragm 
and to the right. There was a coarse, prominent 
thrill over the entire left atrial surface. Superficial 
exploration revealed no evidence of other valvular 
pathology. Intracardiac pressures were recorded 
(table 2). 

Intracardiae digital exploration revealed a poten- 
tial mitral ring of 4 to 5 fingers’ capacity. The effee- 
tive orifice was not stenotic, admitting 3 to 4 fingers. 
The aortie leaflet, somewhat contracted and thick- 
ened, was quite pliable and moved well although 
under tension by shortened chordae tendineae. 
There was a plaque of calcium at the tip of the leaflet. 
The mural leaflet was rolled and thickened. The 
circumferential suture was placed and_ tightened 
until the potential orifice was reduced to a capacity 
of 3 to 4 fingers. The effective orifice remained un- 
changed. The regurgitant jet was barely detectable 
in the region of the posterior commissure. The 
atrial thrill disappeared and the tension decreased 
to such an extent that this chamber became a 
flaccid sae. The tension in the pulmonary artery 
also diminished noticeably. The volume of the left 

ntricle decreased appreciably. Pressure tracings 
re repeated (table 2). The left atrial and left 
ntricular pressure pulse contours, which had been 
pical of mitral insufficiency before the procedure, 
verted to tracings that appeared normal except 
r the lack of atrial contractions. 
The postoperative course was uneventful except 
‘fever up to 101 F. on the first day after surgery. 
ectrocardiograms showed a shift in electric axis 
a more upright position and a slight ST elevation 
gegesting epicardial or pericardial changes that 
hsided by the seventh day. There was no sugges- 
in of coronary insufficiency or of conduction defect. 
itistreptolysin and streptococcal antihyaluroni- 
se titers were intermediate and inconclusive. 


The patient was ambulatory on the seventh 
postoperative day, free of dyspnea and orthopnea, 
and was discharged in excellent condition on the 
twenty-fifth postoperative day. 

The patient did very well in the following weeks 
and felt relieved of all symptoms. On July 2, shortly 
after returning home from a shopping trip, she sud- 
denly complained of feeling faint and fell dead. At 
autopsy no explanation for the sudden demise was 
evident. The viscera showed chronic congestive 
changes. The “purse-string” suture was well placed, 
accomplishing its purpose very effectively. The 
mitral valve leaflets came together well and also 
opened widely. The portion of suture passing on the 
right side of the interatrial septum was covered by 
glistening endothelium-like tissue. There was no 
intracardiac thrombosis or coronary occlusion. The 
other valves were not significantly deformed. The 
major pathologic features were marked dilatation 
of the left atrium, left ventricular dilatation and 
hypertrophy, and the deformity of the mitral valve 
that was as noted at surgery. 


Comment. The death of this patient, occur- 
ring suddenly after a period of uninterrupted 
improvement, is quite disturbing, the more 
so because we have no explanation for it. 


Case 7 


J. L. (No. 160123). This 25-year-old woman was 
admitted to the Presbyterian Hospital on April 17, 
1955. She had rheumatic fever at the age of 5 and 
did not attend school for the following 2 years. From 
that time on she has been under continuous medical 
care. She had been reasonably well until September 
1953, when she had the first of several episodes of 
pneumonia, allegedly accompanied by ‘pulmonary 
and cerebral embolism.” Other than a transient 
amnesia there was no sequela. In October 1954 she 
collapsed and required oxygen therapy for 2 days. 
On admission she complained of 2-pillow orthopnea, 
exertional dyspnea, fatigability, and occasional 
lapse of memory. She was confined to bed except for 
meals. She was taking digitalis, diuretics, and oral 
penicillin. 

The patient was pale, thin, and weak. The lungs 
were clear. There were marked precordial pulsa- 
tions. The cardiac rhythm was regular with occa- 
sional extrasystoles. A grade III mitral systolic 
murmur and a grade II aortic systolic murmur were 
heard (possibly a transmission of mitral murmur to 
aortic area?). 

Laboratory studies were not remarkable. The 
electrocardiogram showed normal sinus rhythm 
with multifocal ectopic beats, and probable left 
ventricular hypertrophy; an electrocardiogram on a 
previous admission showed atrial fibrillation. Pho- 
nocardiograms showed high frequency vibrations 
of moderate amplitude throughout systole. Roent- 
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genologic studies revealed calcific pulmonary scars, 
generalized emphysema, and a very large heart. The 
patient had been catheterized previously and the 
findings are summarized in table 1. Although the 
pulmonary wedge pressure was not greatly elevated 
the pressure contour was compatible with mitral 
insufficiency. The brachial artery tracing did not 
confirm the clinical impression of aortic stenosis 

Surgery was performed on April 21, 1955. There 
Was a strong systolic thrill over the entire left atrial 
surface. No thrill was palpable over the left ventricle. 
External exploration of the aorta and aortic ring 
gave no suggestion of aortic valve disease. Direct 
pressures taken at this time are summarized in table 
2. The mitral annulus was dilated to 5 fingers’ 
capacity and the effective orifice was easily 4 finger- 
breadths in capacity. There was a grade IV regurgi- 
tant jet. The mural leaflet was markedly thickened 
and contracted. The aortic leaflet was contracted 
and under tension, but quite pliable. No caleifica- 
tion was present. A circumferential suture was 
placed as usual; when it was tied, the annulus was 
reduced to 3 or 4 fingers. The regurgitant jet was 
felt to diminish dramatically. The effective orifice 
remained about 31% fingers and the valve was felt 
to close well. A faint “whiff” was detectable poste- 
riorly. Pressures were again recorded (table 2). 

On the second postoperative day the patient 
showed mild respiratory distress, which after x-ray 
examination was attributed to retained secretions 
and atelectasis. She was also hypotensive at this 
time. Norepinephrine infusions and tracheal aspi- 
ration produced improvement. A state of depression 
and lassitude with fever and tachycardia persisted 
about 1 week, but improved following cortisone 
therapy. After the second postoperative week im- 
provement continued and the patient required no 
medication except for digitalis. She was discharged 
home 1 month postoperatively. She did well at home 
on an ambulatory status with restricted activity 
and had no dyspnea, orthopnea, or cough. 

September 22, 1955, she died suddenly and unex- 
pectedly. There has been no change in her status 
and nothing was found to explain her demise. The 
findings at autopsy consisted of the following: bron- 
chiolar hypertrophy, emphysema, chronic passive 
congestion, broncholithiasis and edema of the lungs; 
localized parenchymatous atrophy of the liver: renal 
calcinosis and healed polynephritis. In the heart the 
purse-string suture was placed correctly and was well 
tolerated. The annulus was narrowed sufficiently to 
allow coaptation of the leaflets and was about 3.5 
cm. in diameter. The heart except for enlargement 
of all chambers and adhesive pericarditis was other- 
wise negative. 


Comment. This is a second instance of a 
satisfactory postoperative course followed by 
sudden, unexplained death after continuing 
improvement. The postmortem findings in- 


dicated far advanced disease as well as ul. 
tiple lesions. The immediate postoperative 
course was suggestive of rheumatic activ: y. 
Nevertheless, there is no specific factor t at 
explains the ultimate outcome. Neither in ¢ xis 
patient nor in the previous one was there » ly 
postoperative electrocardiographic change to 


suggest conduction disturbances. 
Case 8 


M. G. (No. 167976). This 33-year-old wh te 
woman was admitted to the Presbyterian Hosp ‘al 
on May 16, 1955. She gave a history of severe orth. p- 
nea and dyspnea of several months’ duration. So. .¢ 
months before at cardiotomy elsewhere “pu 
mitral insufficiency was discovered. Thereafter «je 
Was totally incapacitated and at complete bed rst. 

Physical examination revealed a thin, dyspne‘c, 
chronically ill woman. The thorax revealed pronii- 
nent precordial impulses. There were crackling ra.os 
over both lung bases. The cardiac rhythm was 
totally irregular and a grade IV mitral systolic mur- 
mur was present. The liver was palpable 5 fingers 
below the costal margin. The extremities showed 
mild to moderate ankle edema, 

The laboratory findings were not remarkable. 
Roentgenologic studies showed congested lungs and 
slight pleural thickening at both bases. No abnormal 
calcification was noted. The heart was enlarged 
The electrocardiogram showed marked right ven- 
tricular hypertrophy and atrial fibrillation. Cardiac 
catheterization was performed and the available 
data are summarized in table 2. 

At operation on May 26, 1955, the left atrium was 
greatly enlarged and a prolonged systolic thrill was 
felt over the entire surface, Direct pressures were 
recorded (table 2). The left atrial pressure contour 
Was diagnostic of mitral insufficiency. The potential 
orifice of the mitral valve was about 5 fingers in ¢a- 
pacity. The valve leaflets were pliable, thickened, 
and under tension, stretching diaphragm-like across 
the orifice. The commissures were somewhat fused 
making the effective orifice about 2 to 3 fingers in 
size. A strong grade IV regurgitant jet was found 
and much calcium was present, particularly over the 
lateral half of the aortic leaflet of the mitral valve 
and in the region of the commissures. The mural 
leaflet was larger than usual. The orifice was located 
posteromedially as a result of more extensive fusion 
of the anterolateral commissure. A circumferenti: 
suture was placed in the established manner. Th 
anterolateral commissure was opened to the my 
cardium, so that the effective orifice was enlarge: 
to 3 to 4 fingers. The aortic leaflet was then consid 
craly more mobile and the circumferential suture wa 
tied until the potential orifice was reduced to 3 to 
fingers whereupon the regurgitant jet was barel 
discernible as a faint localized “whiff.” Intracardia 
pressures were repeated (table 2), 
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he patient had a smooth postoperative course 
wit’. prompt disappearance of edema and recession 
of ie liver edge beneath the costal margin within the 
first week. She had a temperature elevation up to 
10 F., for 4 days. The postoperative electrocardio- 
vr ms showed occasional premature ventricular 
co tractions and digitalis effect. A lung biopsy 
sh wed marked arteriolar thickening. The patient 
w: s discharged much improved physically and in 
ex cellent spirits. 

she died on July 7, 1955. No details of her course 
ar available. At autopsy at the loca! hospital the 
fo ‘owing diagnosis was noted: mitral insufficiency 
dus to rheumatic heart disease, pulmonary edema 
an | passive congestion, cardiac cirrhosis of the liver, 
salmonella infection (paratyphoid) of the ileum. The 
heart showed coronary occlusion or intracardiac 
thvombosis. The suture was well placed and accom- 
plished annular constriction as desired. A specific 
cause of death was not stipulated. 


Comment. This patient was in a far advanced, 
practically terminal stage of the disease. The 
pulmonary edema suggests heart failure as a 
likely cause of death. It could have been the 
result of chronic, extensive myocardial in- 
sufficiency or due to renewed rheumatic ac- 
tivity. 


Case 9 
H. 8S. (No. 168237). This 38-year-old white wo- 
man was admitted to the Presbyterian Hospital on 
May 26, 1955. She had ‘“‘rheumatism”’ at the age of 7 
years and took digitalis ever since, but had repeated 
bouts of dyspnea, orthopnea, and ankle edema. For 
2 years she had a 2-pillow orthopnea and nocturnal 
dyspnea. She complained of constricting pain about 
the lower chest and upper abdomen, abdominal 
fullness, and ankle edema, but not of cough or 
hemoptysis. She also complained of occasional ver- 
tigo, tinnitus, and near-syncope. She had had 4 preg- 
nancies with normal deliveries. In 1938 she had left 
pleural effusion that required thoracentesis. 
The thorax showed a prominent precordium with 
narked pulsations. A grade IV mitral systolic mur- 
ur was transmitted to the base, left axilla, and the 
ck. My was normal or diminished and P2 was accen- 
iated 1 to 2 plus. There was a marked systolic 
rill over the precordium, most prominent in the 
ird interspace. There was no diastolic murmur 
id the lung fields were clear. The liver was slightly 
-nder and extended 2 fingers below the right costal 
argin. There was no dependent edema. 
The laboratory findings were not remarkable. 
ventgenologic examination revealed pulmonary 
ngestion, cardiac enlargement, and no calcification. 
he electrocardiogram indicated atrial fibrillation, 
gitalis effect, and myocardial damage. Cardiac 
theterization was performed elsewhere and the 
ita are summarized in table 1. 


Surgery was performed on June 2, 1955. The left 
atrium was huge, it bulged into the left pleural space, 
elevated the left main bronchus to almost a right 
angle, and extended down to the diaphragm. There 
was a grade IV systolic thrill over its entire left atrial 
surface. Direct intracardiac pressures were taken 
(table 2). 

The potential orifice of the mitral valve was large 
enough to admit 4 or 5 fingers; the effective orifice 
was about 3 fingers. The aortic leaflet was thickened 
but pliable and the mural leaflet was rolled, con- 
tracted, and immobile. No calcium was present. A 
grade IV jet of regurgitation was palpable. Because 
of the tremendous size of the heart it was difficult to 
place the medial zone of the suture in the annulus. 
After completion of the procedure and without ob- 
vious initiating circumstance the ventricles began to 
fibrillate. Various resuscitative measures were carried 
out including cardiac massage, multiple electric 
shocks, and administration of procaine, calcium 
chloride, and epinephrine. Effective ventricular 
contraction was resumed after a period of 65 minutes. 
The circumferential suture was tightened during the 
period of ventricular fibrillation and no regurgitant 
jet could be detected immediately after the recovery 
of effective contraction. Direct intracardiac pres- 
sures were not repeated. At the conclusion of the 
procedure the patient recovered from the anesthesia 
without apparent ill effects from the prolonged pe- 
riod of circulatory failure. 

The postoperative course was complicated by a 
period of hypotension lasting 2 days that required 
norepinephrine infusions. On the fifth day bronchos- 
copy was done for retained tracheobronchial secre- 
tions with satisfactory results. On the sixteenth 
postoperative day the temperatuie rose to 103 F. 
and scattered rales were heard over the entire chest. 
Very slight ankle edema was noted and _ large 
amounts of sputum were raised. Marked improve- 
ment occurred during the next 2 days. Edema dis- 
appeared and the liver edge receded beneath the 
costal border. During the first 3 postoperative weeks 
the patient manifested amnesia for recent events but 
was otherwise rational and reasonably active. Her 
orthopnea and shortness of breath diminished. The 
postoperative electrocardiograms showed lowered 
QRS voltage with an axis shift to the right. There 
was a return to the preoperative configuration by 
the third postoperative day. Occasional premature 
ventricular beats were seen on the twenty-sixth and 
thirty-third postoperative days. They were attrib- 
uted to the digitalis; by the thirty-fifth day, after 
reduction of digitalis, they diminished. The patient 
was discharged on July 11, the thirty-fifth postop- 
erative day. 

Reports from her famiiy physician indicate that 
her condition remained satisfactory although there 
has been no decrease in the size of her heart by x-ray. 


Comment. In this patient we can have no ob- 
jective measure of the immediate reduction of 
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regurgitation because of the lack of post- 
operative pressure studies. The effectiveness of 
the operation in this case will have to be 
judged on the basis of her clinical course and 
future studies. 


Case 10 

J. M. (No. 168324). This 33-year-old white man 
was admitted to the Presbyterian Hospital on May 31, 
1955. He gave a history of rheumatic heart disease 
and dyspnea on exertion in childhood and progressive 
incapacity from congestive failure. In 1953 a mitral 
commissurotomy was performed following which his 
condition deteriorated rapidly. He became severely 
incapacitated, with hepatomegaly and ascites. At 
the time of admission he complained of dyspnea, 
cough, nausea, orthopnea, edema, and abdominal 
fullness. 

Physical examination disclosed a thin, chronically 
ill man with venous engorgement in the neck. There 
were pulmonary rales. The cardiac rhythm was 
totally irregular. There was a prominent pulsation 
over the precordium and a strong apical systolic 
thrill. A harsh apical systolic murmur, grade IV, was 
transmitted throughout the left hemithorax, but 
there was no diastolic murmur. The mitral first 
sound was markedly decreased and the pulmonic 
second sound was accentuated 2 plus. The liver was 
palpable 3 fingerbreadths below the right costal 
margin. No ascites or dependent edema was present. 

Laboratory studies were not remarkable except 
for an elevated erythrocyte sedimentation rate (50 
mm. per hour). Roentgenologic examination re- 
vealed pleural thickening and marked cardiac en- 
largement. Electrocardiograms indicated atrial 
fibrillation, a vertical heart with marked clockwise 
rotation, and probable combined ventricular hyper- 
trophy and strain. Cardiac catheterization data are 
summarized in table 1. Phonocardiography showed 
vibrations of wide amplitude throughout systole. 

Surgery was performed on June 6, 1955. Several 
hypotensive periods during induction of anesthesia 
necessitated the use of norepinephrine and delay in 
surgery. The lung was turgid and thickened but ex- 
panded readily. There was an obvious, coarse sys- 
tolic thrill over the entire left atrium transmitted to 
the pulmonary parenchyma. No evidence of valvular 
disease other than mitral was present. Direct intra- 
‘ardiac pressure tracings were made (table 2). 
Intracardiac digital exploration revealed numerous 
areas of calcification on the atrial walls and a tremen- 
dous regurgitant jet. The mitral orifice seemed wide 
open with a potential orifice of 4 to 5 fingers and an 
effective orifice of 3 fingers’ capacity. The circum- 
ferential suture was placed easily around the medial 
zone of the ring. As the posterior tail of the suture 
was stitched laterally into the atrioventricular 
groove, ventricular fibrillation ensued. The place- 
ment of the suture was completed with only brief 


interruptions in cardiac massage. The size of the 
potential orifice was reduced to about 3 fingers 
capacity. Resuscitative measures were continued 
35 minutes until normal ventricular action \ 
restored. The patient’s condition improved rapi 
but it was deemed unwise to re-explore the valy: 
to repeat the pressure tracings. Continuous monit 
ing of the electrocardiogram during the operati 
showed that following the period of ventricu 
fibrillation there was a return to effective ventricu 
contraction with QRS complexes that rapidly 
sumed their previous characteristics. There was 
suggestion of either coronary occlusion or conducti 
defect. 

The patient regained consciousness almost imn 
diately after completion of the closure. He was } 
tional and had no evidence of central nervy: 
system damage. He even asked questions and ¢ 
gaged in conversation before returning to his roo 
Less than 1 hour later the pulse suddenly stopp: 
The chest was opened promptly and the ventric 
were found to be fibrillating. Persistent efforts | 
11% hours to restore heart action failed. 

At autopsy cardiac enlargement was noted wi 
enormous dilatation of the left atrium. There w 
no disease in the aortic, tricuspid, or pulmonic 
valves. There was marked contraction of the mura 
mitral leaflet with a drawing up of all the chordae 
tendineae of both leaflets into 2 columns densely ad- 
herent to the lateral ventricular wall at points nea 
the center of the mural leaflet. The free edge of the 
aortic leaflet of the mitral valve was also drawn 
toward the central point of the mural leaflet. Thus 
an eccentric stenosis that could have scarcely ad- 
mitted a match head had been produced. At the 
time of commissurotomy it must have been impos- 
sible to identify the usual landmarks and the “finge1 
fracture” that was intended in the anterior com 
missure was actually a laceration through the aortic 
leaflet extending from its margin centrally to the 
base of the cusp. The circumferential suture effec- 
tively decreased the size of the potential orifice, but 
the completely unsupported, flail edges of the torn 
leaflet remained totally incompetent. 


Comment. This case must be considered a 
surgical death since the operation was actually 
completed. Probable factors include the ex- 
tremely advanced stage of the disease and 
inability to correct the lesion by any method. 
The unchanged dynamics in the face of ad- 
vanced disease and the burden of anesthesix, 
thoracotomy, and cardiac manipulation were 
not compatible with recovery. 


Case 11 


A. T. (No. 170404). This 38-year-old white ma 
was admitted to the Presbyterian Hospital on Se] 
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tem) r 1, 1955. At the age of 17 a kidney was re- 
mov: | for pyelonephritis. A heart murmur was first 
note. at age 25 years and symptoms began 10 years 
ago ith palpitation and a “rattle” in the chest on 
recli ing. Digitalis and diuretics were given for a 
year luring which time he had precordial pain on 
exer on, and progressive dyspnea, cough, and pul- 
mor ry congestion. The patient was able to carry 
on | s duties as a clergyman but on a limited basis. 

©. physical examination the lungs were clear. 
The heart rhythm was regular with frequent pre- 
mat re ventricular contractions. There were a grade 
III, harsh mitral systolic murmur transmitted 
thr. ighout the chest anteriorly and posteriorly and 
also a grade II rough, mitral diastolic rumble. The 
live: edge was palpable and slightly tender. 

|.iboratory studies were not remarkable. Pre- 
opeiative electrocardiograms showed sinus brady- 
cardia With a rate of 53 per minute. Roentgenologic 
exuinination showed pulmonary congestion and 
cardiac enlargement. Cardiac catheterization was 
unsuccessful and phonocardiograms were not ob- 
tained preoperatively. 

The patient underwent surgery on September 15, 
1955. The lung was turgid and the heart was en- 
larged. The left atrium and the pulmonary veins were 
particularly large. A coarse systolic thrill was felt 
over the atrium and pulmonary veins. Direct intra- 
cardiac pressure tracings were made and the data 
are summarized in table 2. Digital intracardiac ex- 
amination revealed a potential orifice of 4 to 5 
fingers’ capacity and an effective orifice of 3 fingers. 
There was a grade IV regurgitant jet. The aortic 
leaflet of the mitral valve was mobile and pliable. 
The mural leaflet was moderately thickened but not 
completely fixed. No calcification was detected. A 
circumferential suture was placed and tied, reducing 
the potential orifice to 3 to 4 fingers in capacity. 
The effective orifice remained unchanged. The re- 
gurgitant jet decreased until it was difficult to detect. 
Pressure tracings were repeated (table 2). 

The immediate postoperative course was smooth 
except for temporary urinary retention. ACTH was 
given. The pulse rate continued slow (55 to 65 per 
minute) as it had been preoperatively. On the 
twelfth postoperative day a temperature of 105 F. 
occurred accompanied by severe chills. A blood cul- 
ture revealed Staphylococcus aureus. Intravenous 
penicillin was started in dosage of 20 million units 
daty. On the fourteenth postoperative day an 
el. -trocardiogram showed complete heart block. 
Ti: temperature again rose to 104 F. By the eight- 
ee th day he had improved considerably, was afe- 
br e, and had recovered from a bout of pulmonary 
co gestion that followed the last temperature spike. 
P: \icillin therapy was continued at the same dosage. 
T >» patient did well until the fifty-first postopera- 
ti » day when the fever again recurred. The heart 
bl -k persisted with a pulse rate at 60 per minute. 
A -rade III mitral systolic murmur became appar- 


ent. The patient became pale and lethargic and 
appeared toxic. He developed pulmonary rales and 
dependent edema. DOCA was administered for 2 
days. During the ensuing 3 weeks he had several 
bouts of acute congestive failure. He was treated 
with continuing antibiotics in massive doses, mer- 
curials, digitalis, and adrenal supportive drugs. On 
the eighty-sixth postoperative day the temperature 
rose to 103 F. and continued to spike daily despite 
massive wide spectrum antibiotic therapy. Obvious 
weakness and electrolyte imbalance developed. On 
the one hundred and fourteenth postoperative day 
he became very lethargic, developed Cheyne-Stokes 
respirations, and died. 

At autopsy the heart was very large with only 
mitral valvular involvement. The mitral valve was 
as described at operation. The posterior portion of 
the suture hung free in the left atrial and atrioven- 
tricular lumen and was covered with poorly organiz- 
ing thrombus and vegetations. The thrombotic mass 
was not large enough to obstruct the atrioventricular 
orifice significantly. The suture had entered the left 
atrial lumen in its passage toward the septum and 
right atrium. This avoidable technical error caused 
a chord of suture to lie in the left atrium like a bow 
string, which in the course of time cut further along 
the ring from each puncture site. 


Comment. This patient was one of the better 
surgical risks of this series. The lesion in the 
valve was ideal for correction by the purse- 
string technic. The procedure was performed 
without any apparent difficulty. The error lay 
in the inaccurate introduction of the suture 
needle and transfixion of the posteromedial 
zone of the ring. Such an error in placement of 
the suture should be recognized by careful 
palpation of the corresponding zone of the 
ring; if it occurs, the suture must be removed 
and replaced correctly. This error has been 
made in dogs and has resulted in the same type 
of progressive loosening and erosion of the 
suture. 


Case 12 


G. 8. (No. 170599). This 16-year-old white girl 
was admitted to the Presbyterian Hospital on Sep- 
tember 11, 1955. She had rheumatic fever at the age 
of 7 and shortness of breath for 5 years. Nine months 
prior to admission her liver became enlarged, ascites 
appeared, and dyspnea increased progressively. 

Physical examination revealed a thin gir! with 
pulmonary rales. The cardiac rhythm was totally 
irregular. There was a grade III to IV mitral systolic 
murmur transmitted throughout the left chest. There 
was also a grade II mitral diastolic murmur. The 
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liver was not palpable, and there was no dependent 
edema. 

Laboratory studies were not remarkable. Roent- 
genologic studies revealed pulmonary congestion 
and a very large heart. An electrocardiogram showed 
atrial fibrillation (fig. 9). Phonocardiograms showed 
prolonged systolic vibrations of moderate amplitude 
as well as brief diastolic vibrations of small ampli- 
tude. Cardiac catheterization data are summarized 
in table 1. 

At operation on September 20, 1955, the lung was 
turgid with the consistency of latex rubber. The 
heart was markedly enlarged and a coarse systolic 
thrill was palpable over the entire left atrium, the 
pulmonary veins, and the pulmonary parenchyma. 
Intracardiac exploration revealed a potential orifice 
of 4 fingers’ capacity and an effective orifice of 3. 
The valve leaflets were thin and pliable, but tense 
and restricted in motion. There was a grade IV 
regurgitant jet, but there was no calcification. Intra- 
cardiac pressure tracings were made (table 2). A 
circumferential suture was placed and the annulus 
was reduced to 3 fingers in capacity. The effective 
orifice remained unchanged, the jet became almost 
undetectable, and intracardiac pressure determina- 
tions were repeated (table 2). 

The postoperative course was completely unevent- 
ful and the patient was discharged on the seven- 
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Fic. 9. Electrocardiograms and pressure tracings 
in aorta, left ventricle, and left atrium before and 
after ‘‘purse-string’”’ in case 12. 


teenth postoperative day. She has continued in “ood 
condition to date. 


DIscUSSION 


The first 12 cases of an initially prop: sed 
25-case pilot study have been presented. In ‘his 
study, except in 2 instances, only patient. in 
the terminal phases of valvular disease \ ere 
selected, although it was known from yea) . of 
intracardiac surgical experience that |) tle 
salvage could be expected from cases in s ich 
dire distress and apparently irreversible car io- 
pulmonary-hepatic disease. Nevertheless, « ter 
2 years of experimental study, it was essen ial 
to test the efficacy of “mitral purse-stri)g” 
in cases such as this before applying it properly 
to the patient early in the course of progressive 
myocardial decompensation from mitral in- 
sufficiency. 

It has been shown that this technic is 
clinically applicable. It must be emphasized, 
however, that its performance demands ac- 
curate anatomic orientation as well as con- 
siderable exercise in the experimental labor- 
atory. The one technical error that occurred 
in this series of cases was definitely avoidable. 
The available human postmortem specimens as 
well as all the experimental material have 
clearly shown the anatomic and_ technical 
feasibility of the procedure. . 

The experimental data that indicated ef- 
fective correction or even elimination of 
regurgitation by this method has been cor- 
roborated in these clinical cases. Figures 2 and 
3 are examples of hemodynamic and phono- 
cardiographic changes. The specimens ob- 
tained at autopsy 3 weeks, 6 weeks, 3 months, 
and 5 months after surgery (cases 4, 8, 6, and 
7 respectively) demonstrated that consistent 
technical accuracy is attainable and that the 
immediate correction can be expected to 
persist. Regurgitation was corrected whether 
it occurred as a “pure” lesion or in combi- 
nation with stenosis (cases 3, 4, and 8), even in 
the presence of severe calcification (cases 3, |, 
and 6) and even if annular dilatation were not 
the major pathologic feature of the lesion 
(cases 3 and 4). 

In the 4 postmortem specimens there was 1:0 
significant damage to the atrioventriculsr 
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roo e, the septal zone of the ring, the myo- 
card um, the coronary vessels, or the valve 
elen ‘nts. The suture was found where it was 
plac d, encased, and fixed there by a thin 
fibr us sheath that added to its stabilizing 
func ion. The portion of suture that passed on 
the vight of the interatrial septum was un- 
ifor ily covered by endothelium-like tissue. 

(| the first 12 consecutive cases that have 
unc. rgone this operation (table 3), 4 are living 
in + improved state; 2 (cases 1 and 3) have 
sur ived 1 year after surgery. They are the 
only reported cases that have lived so long 
after any operation for mitral regurgitation. 
One is working full time as a seamstress, the 
other is doing most of her housework. Two 
other patients have survived 8 months (case 9) 
and 5 months (case 12) after surgery. In case 9 
the operation was complicated by ventricular 
fibrillation. This patient showed some im- 
mediate improvement but did not improve 
progressively like the other 3 survivors. This 
less favorable result could be due to the fact 
that the suture was tied during the ventricular 
fibrillation when it was impossible to ascertain 
the optimum degree of constriction of the 
annulus. This patient was also the worst 
candidate of the 4, so that advanced disease 
might account for the less favorable result. 

Of the 3 patients with good to excellent 
results, 2 (cases 3 and 12) may have had 
rheumatic activity before or after operation, 
but both, nevertheless, showed marked im- 
provement. 

‘Two patients did not survive surgery. This 
relatively low operative mortality for cases 
such as these demonstrates again that even the 
most damaged heart will tolerate the necessary 
surgical manipulation if hemodynamic function 
is improved. One patient (case 5) died on the 
operating table from ventricular fibrillation 
thst occurred before the ‘‘purse-string’’ pro- 

ure was initiated. The other patient (case 

was the only case in which the lesion was 
correctable by any known method. Both 
e in an extremely advanced stage of the 
‘ase. In one patient who died in the late 
toperative period (case 11) death was 
di -ctly attributable to an avoidable technical 
er or. Although all 3 cases must be tabulated 


as surgical deaths, actually only the third 
patient died as a result of the specific pro- 
cedure, and this death was due to its improper 
execution. 

The other 5 patients survived surgery up to 
5 months with initial improvement. The im- 
provement was transient in 3 patients (cases 2, 
4, and 8) and was lasting in 2 (cases 7 and 8), 
in whom the late cause of death remains 
obscure. 

To consider the results in the light of the 
patient’s condition preoperatively it is neces- 
sary to review the clinical data. It can be seen 
from x-ray and hemodynamic studies that the 
grouping of cases 2, 4-9, and 10 in the category 
of terminal disease and of cases 1, 3, 11, and 
12 in that of far advanced disease seems 
reasonable. Only 1 patient in the terminal 
group has survived more than 5 months (case 
9). Three of the far advanced group are living 
and doing well (cases 1, 3, and 12), and only 1 
of the far advanced group died (case 11), due 
to technical error. 

This experience is much like that seen in the 
treatment of aortic stenosis. The more ex- 
treme the stage of disease the greater the risk 
of surgery. In aortic stenosis, however, satis- 
factory reduction of the hemodynamic ab- 
normality (high aortic-ventricular gradient) is 
not routinely obtainable in instances of far ad- 
vanced disease with severe calcification of the 
valve; in mitral insufficiency improvement of 
the hemodynamic defect was accomplished in 
11 of the 12 cases (in case 10 the integrity of 
the remaining valve leaflet had been previously 
destroyed). In mitral regurgitation, as in 
aortic valve disease, the left ventricle is sub- 
jected to the greatest load and undergoes pro- 
gressive exhaustion. Once the left ventricular 
myocardium has reached a certain state of 
compensatory dilatation and hypertrophy, it 
seems no longer capable of recovery despite 
relief of the hemodynamic burden. Rheumatic 
activity notwithstanding (cases 3 and 12), if 
relief of the valvular dysfunction is attained 
before this end point of irreversible myocardial 
insufficiency, recovery and ultimate improve- 
ment seem likely. 

In view of the excellent mechanical cor- 
rection of regurgitation obtained in 11 cases 
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and of the good clinical results in the survivors 
despite the difficulties encountered in_ this 
initial series of intractable cases, it appears 
mandatory to attempt this corrective pro- 
cedure in patients who are somewhat. better 
candidates. Reasonable criteria for selection at 
this time include patients with mitral in- 
sufficiency with or without associated stenosis 
who show progressive symptoms, even to the 
point of chronic congestive failure, provided the 
latter is still controllable by medical means. 


SUMMARIO IN INTERLINGUA 


Es presentate un nove manovra chirurgic 
pro le correction de insufficientia mitral. Le 
resultatos clinic e hemodynamic obtenite in 12 
casos es discutite. 


ADDENDUM 


Since submission of this article for publication 24 
additional cases (for advanced terminal stage IV) 
have been operated upon to complete a pilot study 
of 36 operated patients. Forty-two per cent are 
presently improved, representing pure clinical sal- 
vage. Five other patients have been operated upon 
more recently, for the most part earlier cases, with 
no mortality and more dramatic improvement. 
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The practice of medicine in its broadest sense includes the whole relationship of the physician 
with his patient. It is an art, based to an increasing extent on the medical sciences, but comprising 
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medicine are not antagonistic but supplementary to each other. There is no more contradiction 
between the science of medicine and the art of medicine than between the science of aeronautics 


and the art of flying—Francis Wetp Peasopy. The Care of the Patient. Harvard University 
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Selective Roentgenographie Contrast Examination 
and Electrokymography of the Left Heart in 
Experimental Mitral Insufficiency 
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Difficulty in the accurate preoperative assessment of mitral insufficiency, clinically and by severa! 
laboratory methods, suggested the desirability of direct visualization of the regurgitant flow. Direct 
puncture of the left ventricle for the injection of radiopaque contrast material was used in dogs befor 
and after the creation of mitral insufficiency by division of 1 chorda tendinea. The regurgitation 
was accurately recognized radiographically. Consistent alterations in left atrial border movement 


were also recorded by clectrokymography. 


NTIL recently, attempts to improve the 
U preoperative recognition of mitral insuffi- 
ciency have been concerned with the correla- 
tion of observations on physical examination, 
electrocardiography, roentgen examination, 
angiocardiography, and 
right heart catheterization with the findings at 
surgery when the valve was_ palpated.) 
Lately, left heart catheterization by left atrial 
puncture has been introduced, but it seemed 
to us that an even more direct sign of mitral 
insufficiency was needed—visualization of the 
regurgitant flow itself. 


electrokymography, 


This possibility was 
originally demonstrated by Nufez and Pons- 
dornenech® in 1 patient, later confirmed in 
patients by Smith and associates,’ and recently 
extensively studied in dogs by Wilder’s group. 
For this purpose a technic for the selective 
introduction of contrast material into the left 
ventricle of the intact animal by controlled 
percutaneous puncture has been developed.® 
The verification of experimentally created 
mitral insufficiency by this means has provided 
an opportunity to observe corresponding 
alterations in the electrokymogram. Electro- 
kymographic studies on patients with mitral 
disease have been described and analyzed 
extensively,’°": 16 but no account of the 
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changes produced by pure — experim ntal 
mitral insufficiency has been available. 

In a series of 8 dogs an attempt was mace to 

-ate mitral insufficiency by division of | of 
the chordae tendineae. In the 5 surviving dogs 
preoperative and postoperative left ventricular 
cardioangiography and electrokymography 
were used to study the effects of the surgical 
procedure. 

MertTHopsS 

The animals were anesthetized with intraperito- 
neal sodium pentobarbital and electrokymography 
was carried out in lateral projection with an Elema 
electrokymograph* and direct writer (Mingograph 
24).* Tracings were obtained, with electrocardio- 
graphic control over the superior, middle, and 
inferior portions of the left atrium and the posterior 
portion of the left ventricle. Then left ventricular 
cardioangiography was accomplished by the previ- 
ously mentioned percutaneous puncture technic: 
1 ml. of 70 per cent Hypaquet was rapidly injected 
by pneumatic syringe for serial filming at a speed of 
2 per second, with electrocardiographic control. 

Some time later, mitral insufficiency was pro- 
duced by severing a chorda tendinea with a cutting 
hook that was inserted through the ventricle at 
first," but later more successfully through the left 
atrium. Successful production of mitral insufficiency 
was followed immediately by systolic ballooning of 
the atrium, a palpable systolic thrill in the atrium, 
and a postoperative systolic murmur. 

After the 5 dogs had recovered from the surgical 
procedure, electrokymography and left ventricular 

-ardioangiography were repeated. In 1 anima! left 
atrial and ventricular pressures were also recorded 


: AB Elema-Jiirnhs, Industriviigen, Stock lm, 
Sweden. 
+ Provided through the courtesy of Winthrop .ab- 


New York, N. Y. 


oratories, } 
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‘utaneous needle puncture through a right 
nal approach under fluoroscopic guidance. 
f the dogs were eventually sacrificed and a 
died of pulmonary edema and the results of 


RESULTS 


The preoperative contrast study of dog 1 


i i i showed a ec ate itrs ves bere wrk one 
gical and diagnostic procedures were com- ed a competent mitral valve with none of 


vith the gross pathologie findings. the material entering the left atrium (fig. 14) 


Fig. 1. Dog 1. A. Preoperative, left ventricular cardioangiography in ventricular systole. The 
normally competent mitral valve prevented contrast material from entering the left atrium. B. Film 
after division of 1 chorda tendinea in ventricular systole. Large reflux into the enlarged left atrium 
and pulmonary veins identifies mitral insufficiency. 


Fig. 2. Dog 2. Postoperative left ventricular cardioangiography after division of 1 chorda ten- 
dinea. Left atrial opacification shown in frontal projection in early ventricular diastole, and lateral 
projection in late ventricular systole. 


? 
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whereas postoperatively a large atrial reflux 
identified mitral insufficiency (fig. 1B). 

The preoperative electrokymograms from 
the midportion of the posterior left atrial bor- 
der and the left ventricle were normal, while 
postoperative tracings from the left atrium 
showed marked changes following the division 
of 1 of the chordae tendineae. Inward move- 
ment with atrial systole was prolonged and 
the normal inward movement during the 
phase of rapid ventricular ejection was rela- 
tively reduced. A late systolic peak was promi- 
nent. 


Fic. 3. Dog 2. Electrokymograms before and after 
production of mitral insufficiency. A. Left atrial, 
before operation. B. Left ventricular, before opera- 
tion. C. Left atrial, after operation. D. Left ventric- 
ular, after operation. E. Left atrial, after operation, 
with left atrial pressure. Ff. Left atrial, after opera- 
tion, with left ventricular pressure. 


In dog 2 the contrast injection clearly 
showed the mitral insufficiency produce:! by 
division of a single chorda tendinea (fig 2). 
The material entered the left atrium and 
pulmonary veins. Electrokymographiec a!‘ era- 
tions were essentially the same as in the first 
animal except that the left atrial wall m ved 
outward throughout all portions of ventri ular 
ejection until late ventricular systole (fig 3), 
Simultaneous recording of left atrial pre sure 
and left atrial movement showed the pe: « of 
atrial pressure to correspond with the — iost 
posterior position of the atrial wall. 

The preoperative studies in dog 3 sh: wed 
normal competency of the mitral valve an i no 
abnormality in the electrokymogram. ‘hat 
mitral insufficiency was created was cl arly 
shown by atrial reflux (fig. 4), but posto) era- 
tive electrokymography was unsuccessful. ‘his 
difficulty was attributed to the massive pul- 
monary edema that was visible on films and 
later confirmed at necropsy. One chorda ten- 
dinea had been divided. 

In dog 4 no preoperative studies were made. 
postoperatively the creation of mitral insuffi- 
ciency was confirmed by demonstration of 
atrial reflux from the left ventricle. Electro- 
kymographic curves of left atrial movement 
were similar to those already described. At 
postmortem examination | of the chordae was 
found to be divided (fig. 5). The puncture site 
was identified by a small scar. 

Preoperative contrast injection and _ left 
atrial electrokymography in dog 5 were normal 
and remained so after an attempt to produce 
mitral insufficiency by the transventricular 
approach (fig. 6). Postmortem examination 
disclosed a normal mitral valve, but a lacera- 
tion of an aortic valve cusp, which caused 
aortic insufficiency. Corresponding left ven- 


tricular enlargement was seen by cardio- 
angiography. 

Finally, experiences in a normal dog need to 
be described. A left atrial electrokymogram 
obtained prior to left ventricular punc‘ure 
was normal. An error was made in the pro- 


cedure of localization so that it was neces:ary 
to puncture the left ventricle several times 
before successful placement of the nee lle. 
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Fic. 4. Dog 3. A. Preoperative, left ventricular cardioangiography in ventricular systole. B. 
Postoperative film in ventricular and atrial diastole. Left ventricular dilatation and mitral regurgita- 


tion are shown. 


Subsequent injection of contrast material 
demonstrated a localized inward bulging of 
the lateral wall of the left ventricle (fig. 7). 
Although no contrast material was detected 
in the left atrium in the frontal projection, the 
lateral projection obtained about 15 minutes 
later clearly showed some mitral insufficiency. 
In contrast to the other operated dogs, the 
left atrium here was about normal in size. 
Klectrokymography of the left atrium after 
the puncture showed persistent normal inward 
movement in early systole, but a high peak in 
late systole had appeared. 

The dog was sacrificed and on postmortem 
examination a blood clot 2 cm. i: diameter was 
found in the pericardial space. The mitral 
valve and chordae tendineae were normal 
except for some ecchymoses on the mitral leaf- 
lets The mitral insufficiency in this case seems 
mos' reasonably explained on the basis of 
laxi'y of 1 of the chordae tendineae as a result 
of ¢ splacement of the ventricular wall by the 
clot 


DISCUSSION 


is series of experiments, which were 
‘d out to evaluate the roentgenologic 


possibilities of demonstrating mitral insuffi- 
ciency, is too small for extensive analysis. In 
an earlier study during development of a tech- 
nic for controlled puncture of the left ventricle 
for injection of contrast material, reflux into 
the left atrium from the ventricle was not seen 
in normal dogs except for the 1 instance in 
which pericardial bleeding occurred. In all 
the animals with division of a chorda tendinea 
such leakage was clearly and unmistakably 
demonstrated. From the roentgenologic point 
of view left ventricular cardioangiography 
appears to be a most direct and reliable method 
for identifying mitral insufficiency. As yet no 
quantitation of the volume of regurgitation 
has been attempted. 

In the presence of experimental mitral in- 
sufficiency considerable and fairly constant 
changes are also seen in the electrokymo- 
graphic tracings obtained from the posterior 
border of the left atrium. These are of interest 
with regard to Wiggers’ earlier experimental 
studies of mitral insufficiency in the dog.'® 
The variations in left atrial volume that he 
recorded bear a striking resemblance to the 
movements of the left atrial border observed 
by electrokymography. At present it is not 
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Fig. 5. Dog 4. Heart showing division of 1 chorda tendinea (arrow) + 


possible to state how far these observations 
can be applied to the clinical problem of 
evaluating diseased mitral valves in patients. 
It is recognized that these tracings are dis- 
similar to the “early plateau type” curves 
generally described": as characteristic of 
clinically significant mitral insufficiency. The 
differences may result because these experi- 
mental studies are on mitral insufficiency of 
acute, relatively short duration in otherwise 
normal hearts. 


SUMMARY 


The _ possibilities of investigating mitral 
insufficiency by roentgenologic means have 


been studied in a series of dogs in which pure 
mitral insufficiency was created by division of 
1 chorda tendinea of the mitral valve. The 
demonstration of regurgitation of contrast 


material into the left atrium after injection 
into the left ventricle seems to represent the 
most positive roentgenologic sign for estab- 
lishing the presence of mitral insufficiency. 

In this study consistent changes in move- 
ment of the posterior border of the left atrium 
after the creation of mitral insufficiency were 
recorded by electrokymography. The pattern 
of these changes is described and a close rela- 
tion to volume variations is suggested. 


SUMMARIO IN INTERLINGUA 


Le possibilitate de investigar insufficientia 
mitral per medios roentgenologic esseva stu- 
diate in un serie de canes in que insufficie:tia 
mitral pur habeva essite effectuate per le 
division de un chorda tendinee del valvula 
mitral. Le demonstration de substantia de 
contrasto regurgitate a in le atrio sinistre post 
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Fic. 6. Dog 5. A. Preoperative, left ventricular cardioangiography in ventricular systole. The 
mitral valve is competent. B. Postoperative film in ventricular diastole, + heartbeats after start of 
injection. No atrial reflux has occurred. The left ventricle is dilated as a result of aortic insufficiency. 


Fic. 7. Left ventricular cardioangiography of normal dog with pericardial blood clot (arrow). 
A. Frontal; no recognizable mitral regurgitation. B. Lateral; mitral regurgitation into normal- 


sized left atrium and pulmonary veins. 


in -ction a in le ventriculo sinistre representa 
a} parentemente le plus positive signo roent- 
g .ologic pro establir le diagnose de insuffi- 
ci itia mitral. 
i le presente studio, alterationes de occu- 
itia regular in le movimento del margine 


posterior del atrio sinistre post le creation del 
insufficientia mitral esseva registrate electro- 
kymographicamente. Le disposition de iste 
alterationes es describite. Un intime relation 
inter illos e variationes de volumine es sugge- 
rite. 
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Tr: atment of Gangrene of the Feet and Legs by Walking 


By Wiuu1aM T. Fouey, M.D. 


n addition to the usual procedures in the treatment of arterial insufficiency with gangrene of the 
‘et or legs, the author suggests exercise to stimulate collateral blood flow and improve the meta- 
iolie state of the involved tissues. After careful protection of the damaged parts, patients were 
neouraged to stand and walk. The results of this ambulatory regimen in 22 patients are presented. 


RING recent decades necrosis of the 
D ower extremities has almost invariably 
led t the complete bed rest of the patient. The 
pres it editions of commonly used medical 
texts in discussing the treatment of such 
paticats assume that they are confined to bed. 

Bed rest results in decreased blood flow. 
Disuse atrophy follows, bone is absorbed, and 
muscles waste. The skin loses its turgor, nails 
and hair grow less rapidly, and pulses become 
less strong. Dietrick, Whedon, and Shorr’: ? 
showed that at bed rest patients were in 
negative nitrogen and calcium balance. They 
also demonstrated that this process could be 
reversed by keeping the patient in motion in an 
oscillating bed. 

One of the greatest stimuli to the develop- 
ment of collateral blood flow in the legs is 
walking. Thoma* in 1884 found that the 
growth of collateral blood vessels was directly 
proportional to blood flow through them. 
This work was confirmed by Lewis.’ 

Along with the rest of the medical pro- 
fession we were hesitant to allow patients with 
ganerenous limbs to walk. The success of our 
surgical colleagues, however, in the treatment 
of iractures by exercise suggested that we 
mig it profit by their experience. We were 
par ‘cularly impressed by the work of Bohler,® 
wh« developed the walking cast for fractures of 
the nkle. 

| fore the advent of potent antimicrobial 
dru s, gangrene was feared because of the 
spr: ding infection that followed. Gas gangrene 
anc septicemia often were sequelae. Amputa- 


m the Department of Medicine, Vascular 
n New York Hospital-Cornell Medical Center, 
Nev York, N. Y. 
‘| .s work was aided by grants from Mrs. Frank 
Cor tt, Mrs. Samuel Milbank, Mr. Isaac Harter, 
Mr. an Lambert, and the Eaton Laboratories. 


tion at a high level was therefore promptly 
resorted to early in the development of gan- 
grene. 

Today infection can usually be dealt with 
successfully. This gives time to encourage the 
development of collateral circulation. The 
medical measures used in the group of patients 
about to be discussed were as follows’: 

Avoidance of Tobacco. The early work of 
Wright,’ Barker,’ Roth,® and others demon- 
strated the need for complete abstinence from 
tobacco in the successful therapy of all oc- 
clusive arterial disease. We believe it is harm- 
ful because of the vasoconstricting action of its 
nicotine content. In thromboangiitis obliterans 
it is also an etiologic factor that excites an in- 
flammatory response. All the present patients 
avoided the use of tobacco. 

Use of Gravity. To aid the flow of blood into 
collateral channels, the affected limb was kept 
below heart level. Alternately filling the limb 
with blood and then draining it by positional 
changes were preferred. This was accomplished 
while the patients were in the hospital by 
placing them in oscillating beds. Some con- 
tinued using the oscillating bed at home. 

In each instance the angle of depression of 
the oscillating bed was adjusted to suit the 
physiologic need. Readjustments were made as 
circulation improved. The aim on the upswing 
of the bed was to maintain sufficient elevation 
long enough for the veins to collapse, but not to 
produce pallor in the capillary bed of the toes. 

Warmth. Heat was never applied directly to 
the foot or leg. Reflex vasodilatation was pro- 
duced by placing a heating pad over the lower 
abdomen for periods of 1% to 1 hour after each 
meal if possible. The gangrenous part was 
maintained at room temperature, or slightly 
above. Cradles were used to protect it from bed 
coverings. 
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Local Therapy. The lesion and surrounding 
areas were covered with antimicrobial oint- 
ments to reduce the number of bacteria and 
fungi. Lanolin or other suitable substances 
were used to keep the tissues from becoming 
dehydrated. The entire foot and leg were then 
wrapped in cotton wool and loosely but securely 
bandaged to protect them from injury. A white 
sock was donned. 

The lesions were dressed daily. As necrotic 
tissue mummified, very gentle, meticulous 
debridement was done. Care was taken not to 
damage borderline tissue. 

Vasospasm. Sublingual nitroglycerin’? was 
used to combat vasospasm of the major vessels 
whenever it occurred. This medication was 
usually combined with reflex heat. 

Induced Fever. Fever produces maximum 
vasodilatation. The patients with thrombo- 
angiitis obliterans received intravenous ty- 
phoid vaccine every 2 or 3 days, in increasing 
doses in the manner described by Wright." 

Anticoagulants. The patient (case 6) with 
the peripheral embolus from a mural thrombus 
in the left side of her heart received antico- 
agulants to prevent further embolic phenom- 
ena. Case 8 had thrombophlebitis complicat- 
ing gangrene of the foot. She was also given 
anticoagulants. 

Treatment of Associated Conditions. Four 
patients were diabetic. They were controlled 


by diet and insulin. The aim was to kee; 
symptom free and the morning urine w: 
more than a trace of sugar. Cardiac , 
pensation was present in 6 cases; the 
measures of digitalis and salt restrictio: 
employed. Seven patients were hyperte sive. 
Usually a reduction in systemic a. >rial 
pressure results in a reduction of blooc flow 
through the arterial insufficient limb. |  orts 
to reduce the pressure were therefore n 
only 2 of the 7 cases. These 2 patient: ‘ere 
given Rauwolfia serpentina. Myocardi: _ in- 
farction was present in case 5. She was; ced 
on anticoagulant therapy and was not u- 
lated until the infarct had healed (ab ¢ | 
month). 


hem 

not 
‘om- 
sual 
vere 


> 1n 


Exercise 


The first patient in whom exercise wa 
as a therapeutic measure was case 1, i 
1949. He is a young truck driver wh 
thrombophlebitis obliterans and a gangr 
right first toe (figs. 1 and 2). After a w 
hospital stay he was allowed to walk about on 
crutches. Prompt relief of his intense pain 


resulted, which was so gratifying that he was 
then permitted to bear partial weight and walk 
with a cane. Instead of retarding the healing, it 
took place with unexpected rapidity. ‘The 
feared spread of infection, did not occur. He 
has been seen regularly during the past 7 


Fic. 1. Left. Case 1. Thromboangiitis obliterans, gangrene of large toe. 
Fic. 2. Right. Case 1. Toe entirely healed. 
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years His health is excellent and he continues 
his y -orous life as a truck driver. He has not 
resur ed the use of tobacco. 

Tl ; favorable experience led to the adop- 
tion . walking as a therapeutic modality in the 
next 21 cases in which it could be applied. 

W ile we have not found any reference in the 
liter; ure to walking as a therapeutic measure 
in ces of gangrene, there are references to 
incre sed blood flow in the legs through 


walk. ag.?” 


Wal! ng 


Tie feet were carefully dressed, bandaged 
and -tockinged, as described above. Wherever 
possile, a shoe was worn over the bandaged 
foot, in order to support the arches. This 
support was particularly necessary for pa- 
tients who had been bedridden for protracted 
periods when they were about to stand for the 
first (ime. Their relaxed musculature could not 
supply adequate support for their arches. If 
the handaged foot were too bulky for a shoe, 
slippers were used. At first some patients could 
stand for only a few moments. The attempt 
was repeated every hour. Gradually they took 
a few steps. Ambulation was increased pro- 
gressively with pain as the limiting factor. 
Eventually most patients were able to walk 1 
mile daily at a pace below that which gives rise 
to claudication. 


Case Material 


Twenty-two patients have been carefully 
followed and evaluated. A synopsis of each case 
history is presented below. The underlying 
causes of gangrene were thromboangiitis 
obliterans in 5 patients, embolus in 1 patient, 
and arteriosclerosis with or without hyper- 
tens on or diabetes in 16 patients. 


CasE HISTORIES 


oscillometers were the Von Recklinghausen 
The minimum normal oscillometric readings 
the foot 0.2; above the ankle 1.5; below the 
‘alf) 2.0; above the knee (thigh) 3.0. 


\., NYH no. 544287 (figs. 1 and 2), admitted in 
949, was a 38-year-old truck driver. The 
sis was thromboangiitis obliterans with 


gangrene of the right first toe and occlusion of the 
right popliteal and the right ulnar arteries. 

He had suffered from several episodes of super- 
ficial phlebitis during the prior 2 years. For 3 months 
the right foot had been increasingly numb and 
painful. A cramp consistently developed in the right 
calf after walking about 100 yards. There was 
constant burning pain in the right first toe and it 
became cold and cyanotic. He had been treated with 
procaine nerve blocks, intravenous procaine, and an 
oscillating bed, but the lesion became progressively 
worse and he was bedridden for 2 months. 

On admission the right first toe was gangrenous 
and the foot was cold and pulseless. Pulses and 
oscillometric readings were as follows: 


Right Left 
Femoral pulse Weak ++ 
Popliteal pulse ++ 
Dorsalis pedis pulse ++ 
Posterior tibial pulse ++ 
Radial pulse ono 
Ulnar pulse ob 
Oscillometrie readings 
Foot 0.6 
Ankle a 3.5 
Calf : 3.5 
Thigh a 4.0 


Smoking was interdicted. The oscillating bed was 
set at 0° upswing, 15° downswing. Fever therapy was 
given with intravenous typhoid vaccine every 
third to fifth day. The foot was dressed daily. Figure 
1 was taken 1 month later when considerable im- 
provement had occurred. 

The patient was ambulated on. crutches. His 
intense pain was relieved, and after 1 month he was 
allowed to bear weight. Improvement was more 
rapid and he was discharged after 2 months’ hos- 
pitalization, when the toe was clean and granulating. 

Two months later healing was complete and he 
returned to his job as a truck driver. On his last 
examination on January 14, 1956, the foot was warm, 
pink, and dry, and the toe was intact. He could walk 
any reasonable distance at a moderate pace without 
claudication. 


Case 2 

J.S., NYH no. 662892 (figs. 3 and 4), a 35-year- 
old janitor was admitted in August 1953. The 
diagnosis was thromboangiitis obliterans with 
gangrene of toes and fingers. Seven months pre- 
viously he had developed bilateral thrombophle- 
bitis. Two weeks prior to admission his toes became 
painful, cold, and blue. The left and right index 
fingers became cold, and ulcerated at the sites of 
minor abrasions. 

Examination showed partial blockage of right 
radial and both ulnar arteries. The dorsalis pedis and 
posterior tibial pulses were absent. Oscillometric 
readings were 0 bilaterally below the knees. 
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Fria. 3. Top. Case 2. Thromboangiitis obliterans, 
gangrene of toes. 


Fic. 4. Bottom. Case 2. Toes healed. 


Despite warnings, the patient continued to 
smoke. Both first toes developed gangrene. A 
bilateral sympathectomy was done. No improvement 
resulted until the patient gave up tobacco. Walking 
was started. Healing was then rapid. The necrotic 
tissue sloughed on the toes and fingers. The lesions 
were dressed and gently debrided by Dr. Ellen 
McDevitt at weekly intervals. The patient returned 
to work, but it took an additional 6 months before 
healing was complete. One and a half years have 
elapsed since complete healing. Oscillometric read- 
ings have increased markedly and the hands and 
feet are warm, pink, and dry. He works a full day, 
performing his full duties as a janitor and he walks 
long distances. 


Case 3 


A. W., a 50-year-old hairdresser entered a hospital 
in New York in October 1953. The diagnosis was 
thromboangiitis obliterans, with occlusion of both 
femoral arteries and gangrene of the right fifth toe. 
For 2 years prior to admission he had had severe 
symptoms in his legs, culminating in gangrene. He 
was a heavy smoker, using 20 or more cigarettes 
daily. When first seen, he had been confined to bed 
for several months. 

His feet and legs showed marked atrophy of skin 
and muscles. X-ray films demonstrated severe 
osteoporosis. The right fifth toe was black to its base, 
due to death of the skin. Cellulitis of the foot was 
present. Examination showed the following: 


Right Left 
Pallor on elevation ++++ ++4++4+4 


Rubor on dependency +444 ae ee 
Femoral pulse + a: 


Right 
Popliteal pulse 0 
Dorsalis pedis pulse 0 
Posterior tibial pulse 0 
Oscillometric readings 
Foot 0 0 
Ankle 0.6 0 
Calf 0.6 0 
Thigh 0.6 0 


After sublingual nitroglycerin, faint puls tions 
could be felt in the feet, indicating that a vere 
degree of vasospasm of the major arterie. was 
present.’ Pain in the foot was extreme. 

Ambulation, oscillating bed, and fever indu: d by 
means of intravenous typhoid vaccine wer em- 
ployed, and tobacco was interdicted. Relief ¢ pain 
was immediate. After 2 weeks he was allowed 0 go 
home, but he returned each week for dressing: In 2 
months the toe was completely healed. The s in of 
the legs had a healthy look and the muscles were 
filling out. At his most recent visit in March [956, 
the attending nurse, who had not seen the p.tient 
before, could not determine which leg had been 
zangrenous. All pulses were present and strony. He 
walks 3 continuous miles each day at a norma! pace 
without claudication. He stands on his feet at his 
trade for 8 to 12 hours daily. 


Case 4 


M. I., NYH no. 679269, a 41-year-old farmer 
from the Dominican Republic was admitted in 
March 1954. The diagnoses were thromboangiitis 
obliterans, amputation of left leg at midthigh, 
gangrene of right leg, and occlusion of popliteal 
artery. : 

Four years previously, when he was 37, his left leg 
became infected and he was told he had Buerger’s 
disease. A lumbar sympathectomy was done, but the 
condition worsened, the leg became gangrenous, and 
it was amputated at age 40. He did not give up to- 
bacco. The right leg commenced to show changes, 
and toes 1 and 3 became cold and black. 

He decided to come to the United States for 
medical help. On admission, in’ March 1954, the 
large toe was gangrenous in its distal half, with the 
second phalangeal bone protruding thr sh a 
necrotic slough. The third toe had sloughed down to 
the second phalangeal joint. A black spot of spreed- 
ing necrosis had developed at the base of the fov 
toe. The foot was red in dependency, cold and 
atrophic. Foot pulses and popliteal pulses were 
absent. Femoral pulse was weak. 

Tobacco was interdicted and the patien’ was 
placed in an oscillating bed. He was made tc walk 
every hour on crutches, bearing weight o his 
gangrenous foot. He was given intermittent ‘ever 
therapy by means of intravenous typhoid vac ne. 

Improvement was rapid. The necrotic reas 
moistened, the black skin sloughed, and granul ions 
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appe ed. The protruding bones were trimmed and 
thes ift of the exposed phalangeal bone in the large 
toe s drilled with several holes to allow marrow to 
lead» granulation. 

A or 1 month in the hospital he was discharged 
and cated as an out-patient. During the next 214 
mon is complete healing occurred, whereupon he 
was tted with an artificial limb. He returned to 
Sant Domingo with his leg healed and walking 
with at a cane. 

H_ was instructed to walk increasing distances at 
slow ace daily and was warned that if he resumed 
the | baeeo habit, his disease would return. 


Cas 


\. L., NYH no. 700969, a 44-year-old business 
exec. tive, was admitted with gangrene of the left 
foot rom thromboangiitis obliterans. 

He had had recurrent phlebitis of the legs for 16 
years. Two years prior to admission an ulcer formed 
on his left ankle, which grew larger, deeper, and 
painiul. Six months prior to admission a left lumbar 
sympathectomy was performed, but the ulcer be- 
eame worse. The posterior tibial nerve was cut and 
skin grafts were unsuccessful. 

On admission in June 1955 he showed marked 
disuse atrophy of both legs. A large, necrotic ulcer 
was present at the left lateral malleolus, surrounded 
by a red, diffuse area of cellulitis. Both arterial and 
venous insufficiency were present: 


Right Left 
Femoral pulse + 4 ft 
Dorsalis pedis pulse 0 
Posterior tibial pulse 0 0 
Oscillometrie readings 
Foot 
Ankle 


Tl 


Varices and venous plexi were present. X-ray films 
showed marked demineralization of the bone. 

H+ was placed on an oscillating bed with a 10° 
downswing and upswing, tobacco was interdicted, 
and walking with crutches for 5 minutes every hour 
was -nforeed. At first, weight bearing was extremely 
pain ul. At the end of 1 week, however, he was able 
to g ve up the crutches and hobble with a cane. 

T © necrotic lesion responded slowly. After 2 
wee s, granulation tissue appeared. 

‘elastic stocking with light pressure was made 
toc: interact the venous problem. He was discharged 
afte the third week. He returned home where he 
usec in oscillating bed and also walked. One month 
late 1e was able to return to work. 

FE was seen 9 months later in October 1955, when 
he} 1d gained 30 pounds in weight. He walked with- 
out cane or limp and his feet were warm and pink. 
The ‘oot pulses had returned and were 2+ in 


Fig. 5. Top. Case 6. Embolie occlusion of iliac 
artery, gangrene of large toe. 
Fia.-6. Bottom. Case 6. Complete healing. 


strength. He walks several miles each day as a 
therapeutic measure, wears the elastic stocking, and 
sleeps on his oscillating bed. 


Case 6 


M.8., NYH no. 696317 (figs. 5 and 6). This 51- 
year-old factory worker had been well until 6 weeks 
before her admission in November 1954, when she 
developed severe angina pectoris that culminated in 
an acute myocardial infarction with admission to 
another hospital. Anticoagulants were not given, and 
on the fourteenth day, while straining on a bedpan 
she developed a sudden pain in her left leg. The leg 
rapidly became cold and blue, and she was trans- 
ferred to New York Hospital. 

Examination showed a cold, pulseless, cyanotic 
left leg. Pulses were present elsewhere. Our diagnosis 
was embolization of the left iliac artery, from a 
mural thrombosis secondary to myocardial infare- 
tion. Treatment consisted of anticoagulant therapy, 
use of an oscillating bed, and reflex heat. The leg 
became warmer, but the large toe became black and 
mummified. Collateral flow developed down into the 
foot and all areas became pink and warm except for 
the black toe. Four months after the embolization at 
a clinic visit the necrotic toe was gently twisted off 
with a thumb forceps. The stump quickly epithelial- 
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ized. Observation for 113 years showed continuous 
improvement in collateral circulation. She works at 
her factory job as before. 


Case 7 


R. K., NYH no. 705427 (figs. 7, 8, and 9), age 69, 
entered the hospital on March 13, 1955, with 
arteriosclerosis obliterans, diabetes mellitus for 18 


1 

Fic. 7. Case 7. March 1955, arteriosclerosis ob- 
literans, diabetes mellitus gangrene of foot. Note 
black necrosis of lateral metatarso-phalangeal area 
with loss of fifth toe, necrosis of lateral and posterior 
tip of heel. Foot swollen, septic. 

Fic. 8. Case 7. November 1955, the fourth toe has 
been clipped off because it had become denervated. 
Note epithelial growth on edges of ulcer. Ulcer on 
lateral heel is closing rapidly. The posterior ulcer 
has closed. 

Fic. 9. Case 7. February 1956, complete epithel- 
ialization has taken place. 


FEET AND LEGS BY WALKING 


years, hypertension (170/100), and gangrene of | 
left foot. 

Five months prior to admission the left fifth 
had become infected and gangrenous, and it 
amputated. The wound did not heal, however, 
spreading cellulitis developed. The surrounding 
became black, and necrotic areas developed on 
lateral and posterior surfaces of the heel. The 
tient became septic, was in great pain, and bee: 
addicted to narcotics. Amputation had been ady 
by many consultants. She had not walked fi 
months previous to admission. 

Examination showed extensive gangrene of 
left foot. Black circular areas were present at 
heel tip (2 em.), lateral heel (3 cm.), and lat 
anterior surface (9 cm. in diameter). The remaii 
of the foot was red, swollen, and cold. 


Right 

Femoral pulse + 

Popliteal pulse 0 

Dorsalis pedis pulse 

Posterior tibial pulse 

Oscillometric readings 
Foot 0 
Ankle a 0.4 
Calf r 0.4 
Thigh a 1.0 


She was made to stand at the side of her bed and 
take a few steps several times a day. The activity 


was gradually increased and at the end of 1 week 
she walked to the bathroom with the help of 2 
nurses. An oscillating bed was set at 15° downswing, 
0° upswing. The foot was covered with antibacterial 
ointment and wrapped in cotton and was dressed 
daily. At the end of 3 weeks she was able to walk 
every hour for 5 minutes with help, fever subsided, 
and the narcotic addiction was reduced. 

She was sent home where she slept on an oscillat- 
ing bed and remained on it during the day except 
when walking. She returned to New York for 
follow-up visits at 2-week and later 1-month inter- 
vals. The necrotic area liquefied and was slowly 
placed by granulation tissue. By October (7 month 
after the first visit) all necrotic areas were repla: 
by granulations. The fourth toe was loose and with 
out nerve innervation, and the fourth and fifi! 
metatarsal bones had sloughed away. Therefore, thi 
toe was clipped off during a simple dressing. E 
thelialization took place. Final healing was compl: 
by February, 11 months after the start of ambul: 
therapy. 


Case 8 


R. G. NYH no. 730534, was a 67-year-old gra: 
mother who had arteriosclerosis obliterans w 
occlusion of the main arteries in the lower legs w 
gangrene. She had a complicating thrombophleb 
in the veins of the right calf area. She was sever 
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dia etic, requiring 50 to 70 units of insulin daily. 
Sh had moderate hypertension, 175/90, and myo- 
car dal damage from coronary artery disease, with 
pu nonary congestion and dependent edema. 
rterial insufficiency had been present for many 
ye. ‘s. Gangrenous ulcers had appeared in the right 
fir. , second, and third toes 3 months prior to her 
fir. visit in December 1955. The lesions were ex- 
iely painful, requiring frequent doses of Demerol. 
had been in bed for 2 months. 
‘he feet showed marked rubor on dependency, 
pallor on elevation. The nail area of the right 
e toe was infected and black. The tip of the 
nd toe was partially necrotic. The nail bed of the 
| toe oozed pus and necrotic material. The calf 
red and tender. It contained a group of throm- 
1 veins and surrounding cellulitis. 
Right Left 
‘emoral pulse ++ ++ 
salis pedis pulse 0 ) 
terior tibial pulse 0 0 
illometric readings 
loot 0.1 
\nkle : 0.4 
‘alf 2 


Treatment consisted of an oscillating bed, anti- 
coagulants because of the phlebitis, penicillin, 
digitalis, salt restriction, insulin, and local ointments 
and dressings. Ambulation was withheld during the 
first week until the phlebitis subsided. She was then 
started on weight bearing and was soon walking. The 
gangrenous areas sloughed and were covered by hard 
scabs. Warm sitz baths and reflex heat were used. 

She was sent home after 3 weeks of hospitalization, 
but returned every 2 weeks for follow-up visits. 
Improvement was rapid, and on her last visit (May 
1956) she was able to do her housework and walk 
outdoors on clear days. The black, necrotic area on 
the second toe sloughed, and granulations developed 
on the 3 involved toes. Epithelialization followed and 
‘omplete healing resulted. 


eg 


'. V., NYH no. 8928, is a 50-year-old, severely 
etic man with arteriosclerosis obliterans and 
grene of left second toe. 
fe developed diabetes as a young adult and was 
wwed in the New York Hospital Clinic for 36 
s. In March 1953 claudication was present after 
‘ing 2 blocks. His feet were cold and painful, and 
left second toe had become purple and cold, and 
1 black. 
le was kept on an ambulant regimen. Cellulitis of 
foot developed, but it responded to penicillin. 
necrotic skin sloughed, leaving a granulating 
ace, which healed slowly. 
n his last examination in February 1956 the feet 
wc e warm and pink and the claudication distance 
ha . increased to 10 blocks. 


Fic. 10. Case 10. Arteriosclerosis obliterans, 
diabetes mellitus, gangrene of first and second toes. 


Case 10 


Mrs. F., NYH no. 66524 (fig. 10), a 61-year-old 
Negro, Puerto Rican housewife, had diabetes since 
1948. She was first seen in the Vascular Clinic in 
December 1954, when her right leg was cold and 
painful and the first 2 toes were gangrenous. Vascular 
examination was as follows: 


Right Left 

Femoral pulse ae ++ 
Popliteal pulse oa 0 
Dorsalis pedis pulse 0 0 
Posterior tibial pulse 0 
Oscillometric readings 

Foot 0 

Ankle 0.3 

Calf 4.0 

Thigh 4.5 


She was instructed in a medical regimen and sent 
home. She returned 1 week later with a burn of the 
left foot from soaking it in hot water, despite specific 
instructions. She was hospitalized from January 3 to 
February 19, 1955. There she was placed in an 
oscillating bed and given the medical measures out- 
lined above. Marked improvement took place, and 
she was discharged with instructions to carry on her 
treatment at home, including walking. 

At home, her family rejected the treatment. They 
refused to let her get out of bed, saying it was cruel to 
make her walk on her black, gangrenous toes. Disuse 
atrophy and spreading cellulitis in the foot followed, 
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which necessitated amputation of the leg in May 
1955. 


Case 11 


M. W., a 65-year-old automobile dealer, entered 
New York Hospital (no. 669097) in October 1953. The 
diagnosis was arteriosclerosis obliterans with oc- 
clusion of both popliteal arteries and a gangrenous 
ulcer on his shin, which measured 7 by 3 em. He was 
severely hypertensive (220/120), but did not have 
diabetes. Vascular examination is listed below: 


Right Left 
Elevation pallor tt so 
Dependent rubor oan ot 
Femoral pulse +4 +4 
Popliteal pulse 0 0 
Dorsalis pedis pulse 0 0 
Posterior tibial pulse 0 0 
Oscillometric readings 
Foot 0 
Ankle 4 0.2 
Calf . 0.6 
Thigh 24 3.0 


He had been fearful of walking for several months. 
Ambulation was started at once. The oscillating bed, 
warm sitz baths, and reflex heat were employed. He 
remained in the hospital for 3 weeks and then con- 
tinued treatment at home. The health of the tissues 
of his legs improved slowly. The necrotic skin at the 
site of the lesion was removed. 

The skin broke down over the outer malleolus at 
a point of pressure from the patient’s habitual cross- 
ing of his feet in bed. A second large necrotic ulcer 
formed, but gradually both ulcers granulated. After 
6 months all tissues appeared healthy, but the 2 
ulcers had not epithelialized. They were covered with 
powdered blood cells and a hard coagulum formed 
over them. Six months later the epithelium had 
grown across and the skin was intact. He continues 
well, walking 1 mile each day at a slow pace, as a 
therapeutic measure. 


Case 12 


S. C., NYH no. 383939, was a_ 60-year-old 
construction worker, who suffered frostbitten feet 
during World War I, and again in 1944. He had 
painful, burning feet and associated ‘“chilblains.”’ 
These symptoms were relieved by bilateral lumbar 
sympathectomy in 1946. 

Intermittent claudication developed 1 year prior 
to admission. His walking distance was gradually 
reduced to 2 blocks. The feet became cold and red 
and the right fourth toe became dark purple and 
very painful. 

Examination in September 1954 showed only 
faint femoral pulses, absent foot pulses, greatly 
reduced oscillometric readings, and early gangrene of 
the right fourth toe. It was cold, purple, and con- 


tained a black, mummified circular crest, 0.5 « 
across on its dorsal surface. The diagnoses wi 
arteriosclerosis obliterans, partial occlusion il 
arteries, complete occlusion femoral arteries, a 
early gangrene of the right fourth toe. 

He was placed on the oscillating bed with dow 
swing only. He was encouraged to walk the hospi 
corridors and when not walking to return to t¢ 
oscillating bed. Warm sitz baths and reflex heat w« 
also administered. Improvement was slow. In 
weeks pain had gone. He was discharged to contin 
treatment as an out-patient. One month later t 
toe had desquamated. By the second month it had 
intact, normal pink color. He has been followed 
monthly intervals for the past year. He has increas 
his walking distance to 1 mile at a slow pace ( 
minutes). The feet remain painless and pink. 


Case 13 


Kk. S., NYH no. 202207, housewife, was admitt 
in April 1955 at age 74. The diagnoses were arteri 
sclerosis obliterans, narrowing of vessels, occlusi: 
of left pedal vessels, gangrene of all 5 toes of left foc 
congestive failure, moderate hypertension, but 1 
diabetes. She had been a cardiac cripple for sevei 
years, but did not follow her cardiac regimen car 
fully. She had not walked for at least 6 months. 

Examination showed an elderly woman in marked 
cardiac distress. Pulmonary edema was present. 
Pitting edema of both legs and ankles was 3+. All 5 
toes on the left showed black necrotic tips. The distal 
half of the large toe and its base were necrotic. 
Femoral pulses were present but pedal pulses could 
not be felt. Oscillometric readings were marked]; 
reduced. 

The congestive failure responded to the usual! 
measures of dehydration and digitalis. 

The oscillating bed was used. Patient was ambu 
lated after her cardiac status improved. At first she 
took only a few steps, leaning against the bed. Soon 
she was able to walk to the lavatory with help. By 
the end of the month she was walking about t! 
room and was sent home with an oscillating bed. 

The gangrenous toes responded rapidly afte: 
ambulation. They were dressed each day wil 
Furacin and loose cotton, then covered with a flut 
sock. The black necrotic material sloughed o 
Granulation took place and was covered by cle 
epithelium 6 weeks after initial admission. 

One year follow-up showed the feet to be wa 
and intact. She remained compensated. She wa! 
about her house and grounds. 


Case 14 


J.S., NYH no. 656712, a 66-year-old shop ow! 
was admitted in January 1955. The diagnoses wé 
arteriosclerosis obliterans, gangrene of right fifth t« 
essential hypertension for 20 years, but no diabet 
Intermittent claudication had commenced 8 yea 
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befor His walking distance had gradually decreased 
to | ek. 

Ty. weeks before admission the toe had become 
cold: .d purple. It was very painful. 

Ey mination disclosed a blood pressure of 
245/ 2S. 


Right Left 

Fem al pulse 2+ 24. 

Popl: cal pulse 1+ ae 
Dor: ‘is pedis pulse 0 0 

Post: ior tibial pulse 1+ er 

Osci! »metrie readings 

I 0.1 0.1 

0.3 0.2 

0.4 0.4 

1.5 1.0 


\-ogimen was started of oscillating bed, walking, 
tobacco interdiction, warm sitz baths, and _ reflex 
heat. [mprovement was rapid. The dead skin on the 
toe sloughed and was replaced and he was dis- 
charged in 2 weeks. 

On his last examination in February 1956, the 
feet were warm and pink. The dorsalis pedis was 
strongly palpable. Under the influence of rauwolfia 
therapy, the blood pressure has fallen to 174/110. 


Case 15 


J. T., NYH no. 628491, was a 70-year-old farmer. 
The diagnosis was arteriosclerosis obliterans, with 


occlusion of major vessels below the knee and gan- 
grenous areas of both feet. He was mildly hyper- 
tensive (170/100) and not diabetic. 

He had been well until several months before 
admission in May 1952, when his feet became cold, 
painful, and bright red. He had resorted to very hot 
soaks, which precipitated gangrene by speeding up 
metabolism in areas of insufficient oxygen supply. 

Examination was as follows: 


Right 

Pallor on elevation 4+ 

tubor on dependency 4+ 

Femoral pulse 2+ 

Popliteal pulse 1+ 
Dorsalis pedis pulse 0 
Posterior tibial pulse 0 

Osci!'ometrie readings 

Foot 0 

le 0.2 

2.0 

gh 2.5 


ngrenous ulcers were on the first, third, and 

oes of the left foot. The right first toe had a 

i¢ uleer under the nail. 

‘regimen of tobacco interdiction, ambulation, 
osci_ iting bed, reflex heat, warm sitz baths (at body 
tem -rature), and local dressings was begun. He 
rem ned in the hospital 1 month and was followed 


at fortnightly intervals as an out-patient. The 
general nutrition of the foot improved and by the 
third month all ulcers but that of the left fifth toe 
had healed. A large slough developed in this area, 
exposing the fifth metatarsal bone, and the toe 
became mummified. It was cut off with a scissors 
during a dressing. No anesthetic was needed. Six 
additional months were required for complete heal- 
ing. 

He was able to resume work on his farm, returning 
for consultation every 2 months. He walked a mini- 
mum of 3 miles each day. This program was con- 
tinued for the next year until he died in his sleep. 
It was reported he had a “heart attack’”’ presumably 
from a closure of a coronary artery with a secondary 
myocardial infarction. 


Case 16 


F. A., NYH no. 589998, housewife, was admitted 
in January 1951, at age 66. She was not diabetic or 
hypertensive. Four days before admission the left 
third toe had become very painful and cold. During 
the next 2 days it became black. 

Examination showed the pulses in the left foot 
to be very weak. Oscillometric readings were re- 
duced. The entire foot was deep purple on depend- 
ency. 

She was treated with an oscillating bed, walking, 
reflex heat, and warm sitz baths. Circulation of the 
foot improved rapidly. The black skin sloughed and 
was slowly replaced by healthy epithelium. 

Two years ago, during a European trip, the third 
toe on the other foot became black in a similar man- 
ner. She immediately returned to New York. Good 
healing resulted following repetition of the thera- 
peutic regimen. Now, at age 71, she enjoys good 
health. The feet are warm, pink, and dry. She walks 
at least '¢ mile daily as a therapeutic measure. 


Case 17 


J. B. was a 56-year-old telephone company execu- 
tive, who entered Doctors’ Hospital, New York in 
November 1952. The diagnoses were arteriosclerosis 
obliterans, narrowing of right iliac and occlusion of 
the femoral artery, and gangrene of the right foot. 
He was normotensive and nondiabetic. 

Intermittent claudication began 8 years previ- 
ously. One month before admission his walking 
distance decreased to 50 feet, and the day before 
admission the right leg had become cold, painful, 
and mottled purple. 

The right leg was pulseless by palpation and 
oscillometric examination. From the midealf down- 
ward it was cold and purple. The toes were a deep 
blue. Pulses and oscillometric readings were normal 
on the left side. 

Tobacco was interdicted. Therapy consisted of 
oscillating bed, reflex heat to groin, sublingual 
nitroglycerin every 4 hours, and ambulation. At 
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first he stood at the bedside for only a moment. Ina 
week he was walking about his room each hour for 
5 minutes. 

After 3 weeks in the hospital he went home with 
the same treatment, including the oscillating bed. 
In another 3 weeks he was able to return to his office. 
His walking distance gradually increased and by 
February 1953 he was able to walk 3 blocks at his 
usual pace. At his last visit in February 1956, his 
walking distance had increased to 6 blocks. 

At that time physical examination showed slight 
pulsations in the right femoral and popliteal ar- 
teries. Oscillometric pulsations were present but 
small from right foot to thigh. 


Case 18 


M. L., NYH no. 684626, a 65-year-old machine 
operator, with gangrene of the left second toe due to 
arteriosclerosis obliterans with occlusion of lower 
leg vessels, was admitted in May 1954. He did not 
have diabetes or hypertension. Intermittent claudi- 
cation began 3 vears previously. His walking distance 
had diminished in the previous 6 weeks to 3 blocks 
at a slow pace. The left second toe became numb, 
purple, and cold; the foot became very painful, and 
the distal half of the toe turned black. 

Examination indicated narrowing of the vessels 
of both legs below the knee. 

Right Left 
Femoral pulse 2+ 2+ 
Dorsalis pedis pulse 1+ 0 
Posterior tibial pulse 0 0 
Oscillometric readings 

Foot 0.2 0.2 

Above ankle 0.4 0.6 

Below knee 1.0 1.0 

Above knee 1.0 1.0 


The left second toe was cold and purple in its 
proximal half, black and inspissated on its distal half. 
The regimen of oscillating bed and walking was 
started. He left the hospital in 2 weeks and was seen 
as an out-patient at weekly intervals. The dead skin 
sloughed and the toe healed. After 2 years his feet 
were warm and pink and claudication distance had 
increased to 2 blocks. 


Case 19 


T. F., NYH no. 698935, a 69-year-old, retired 
executive entered the hospital with arteriosclerosis 
obliterans, occlusion of the left dorsalis pedis artery, 
plantar arch, and digital vessels, and gangrene of 
second and third toes. He had a brachial blood 
pressure of 130/78 and a fasting blood sugar of 86. 

He suffered a myocardial infarction 15 years ago 
from which he recovered with adequate cardiac 
function. While crossing the Pacific Ocean on a liner 
he suddenly experienced pain, numbness, coldness, 
and blanching of his left foot. He was hospitalized 
in Hawaii where the second toe was amputated. The 


amputation site did not heal and the third to» be- 
‘ame gangrenous. 

He was examined by us 8 months later. Diving 
this time he had not walked. The leg was shru ken, 
The skin of the foot was shiny, red, and tense with 
edema. An infected ulcer was present at the s ‘¢ of 
amputation and the third toe was black on its « jrsa] 
surface and purple elsewhere. 

Treatment consisted of oscillating bed and alk. 
ing. The nutrition of the foot improved at one. . He 
was discharged on the twelfth hospital day to con- 
tinue treatment at home. The ulcer healed 1 yeek 
later. The necrotic skin of the gangrenou: toe 
sloughed. Granulation developed and con 5lete 
healing took 6 months. He has been followed ‘or | 
year since then. The foot is warm, pink, ano dry. 
He walks more than 1 mile each day in comfo 


Case 20 


A. W., NYH no. 565323, a 54-vear-old cotton 
broker, was admitted in March 1950 with aricrio- 
sclerosis obliterans, gangrenous ulcer between right 
third and fourth toes, and occlusion of popliteal 
artery. He was not hypertensive or diabetic. 

He complained of intermittent claudication in the 
right calf after walking 1!5 blocks. Examination 
showed normal pulses and oscillometric readings. He 
was advised to give up tobacco and to walk slowly, 
at least 1 mile daily. 

In June 1953 he complained of severe pain and 
coldness in the right foot and an ulcer developed. 
He had not given up tobacco, nor had he carried 
out the other instructions. Examination showed an 
occlusion of the right popliteal artery. The foot was 
cold, venous filling was slow, and a necrotic ulcer 
had formed between the third and fourth toes. 


Right Left 

Femoral pulse 2+ 
Dorsalis pedis pulse 0 
Posterior tibial pulse 0 
Oscillometric readings 

Foot 0 

Ankle 0 

Calf 2 4 
Thigh 1.5 3.8 


Tobacco was interdicted and an oscillating bed, 
walking, reflex heat, and warm baths were started. 
He improved sufficiently in a 3-week period to return 
home to a distant city and he took an oscillating bed 
with him. The ulcer healed in 2 months. He gradu- 
ally increased his walking distance and resumed 
golf. In follow-up visits the foot has been warm, (ry, 
and pink, and the dorsalis pedis artery can be pal- 
pated. He plays a full game of golf several times 
weekly and continues to abstain from tobacco. 


Case 21 


J. A., a 63-year-old tavern keeper, was first cen 
in October 1952. He had arteriosclerosis oblite ans 
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wit! occlusion of the vessels in both legs below the 
pop’ eal artery. The right foot was pregangrenous 
and he second toe was gangrenous. He was normo- 
tens ve and nondiabetic. 

‘.e previous winter he had developed inter- 
mit nt claudication in the right leg. The foot be- 
can cold and painful and ulcers formed between 
the rst 2 toes. On hospitalization elsewhere various 
loc: treatments and “‘vasodilating” procedures 
wer used, but he failed to give up tobacco and the 
nec sis progressed, 

(+, examination in the office the following ob- 
ser: ‘tions were made: 


Right 
ition pallor 4+ 2 
Dependent rubor 4+ 2+ 
Femoral pulse + ve 
Dorsalis pedis pulse 0 0 
Posterior tibial pulse 0 0 
Oscillometrie readings 
Foot 0 0 
Ankle 0.1 0.2 
Calf 1.4 1.6 


The right second toe was black, a gangrenous 
ulcer was located between its base and the first toe, 
and the foot was swollen and cold. Signs of cardiac 
decompensation were evident. The patient was sent 
home to carry out the program of walking, absti- 
nence from tobacco, digitalis, salt restriction, and 
the other medical measures described previously. 
For the first time he gave up tobacco. He returned 
for weekly visits and dressings and by January com- 
plete healing was effected. 

His endurance and walking distance increased. 
By June 1953 he was able to hunt and do manual 
labor in his garden. The following winter he had an 
accident with his formerly gangrenous foot: a bottle 
fell on his second toe cutting it open, but it healed 
rapidly. 

Three years have elapsed since the gangrenous 
foot healed. He continued to work a full day in his 
tavern and also to hunt and to do gardening. 


Case 22 


H.S., NYH no. 713033, was a 57-year-old real 
estute broker with gangrenous ulcerations of the 
right leg from arteriosclerosis obliterans. He was 
not liabetie or hypertensive. 

I) 1951 he developed intermittent claudication 
and the arterial circulation gradually worsened. In 
Oct ber 1954 an ulceration appeared on the leg and 
wou { not heal. A variety of topical and parenteral 
mec cations resulted in an exfoliative dermatitis and 
he | came bedridden. 

| amination in April 1955 showed a faint right 
fem val pulse with no pulses below it. Gangrenous 
ulce ations were present over the lower half of the 
righ ieg. The leg was cold and the skin was macer- 


ated. Findings were as follows: 


Femoral pulse 
Popliteal pulse 
Posterior tibial pulse 
Dorsalis tibial pulse 
Oscillometric readings 

Foot 

Ankle 0.2 

Calf 0.4 

Thigh 1.5 

He had developed sensitivity to many medica- 
tions. For this reason, upon hospitalization in June 
1955, only saline applications could be used on his 
skin. He was placed on an oscillating bed and en- 
couraged to walk every hour. After 5 weeks he was 
discharged and continued treatment at home. He 
visited us each week for dressings. 

In September he developed thrombophlebitis in 
the same leg, which required an additional month 
in the hospital for anticoagulant therapy. 

The skin improved slowly. By December, healing 
was complete, except for an ulcer 2 em. across at the 
ankle. It gradually epithelialized, but took an addi- 
tional 4 months for complete healing. 


RESULTS 

Failure occurred in case 10 (fig. 7). She had 
improved during her hospital stay, but when 
she returned home, her family refused to allow 
her to walk because of her gangrenous toes. 
Atrophy and spreading infection developed 
and led to amputation of the leg. 

The other 21 cases healed with only minor 
loss of tissue. 


Selection of Cases 


At first we used walking only in patients with 
sharply localized gangrene, who had stabilized 
over a period of weeks or months. As our ex- 
perience has increased, we have used it in more 
recently developed gangrene. If the toes are 
involved, we encourage the patient to hobble 
on the heel. If that too is involved, the foot is 
carefully bandaged and weight bearing is 
distributed over the entire foot. 

Below is a list of tentative indications and 
contraindications. As experience increases, 
they may change. 

Indications. Localized necrosis due to arterial 
insufficiency from, (a) thromboangiitis obli- 
terans; (b) arteriosclerosis obliterans; (c) 
embolic phenomena. 

Contraindications. (a) Severe debility; (b) 
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recent myocardial infarction; (c) high fever; 
(d) severe myocardial insufficiency; (e) throm- 
bophlebitis, until it subsides; (f) spreading 
cellulitis; (g) recent gangrene actively spread- 
ing; (h) cerebral damage with paralysis. 


SUMMARY AND CONCLUSION 

Twenty-two patients with gangrene of legs 
or feet were treated medically and, in addition, 
were made to walk progressively. Twenty-one 
cases healed. One case was a failure and 
resulted in leg amputation. This patient did 
not walk after leaving the hospital. 

The profession should reconsider the long 
accepted practice of insisting on bed rest for 
patients with gangrene of feet or legs from 
arterial insufficiency. Success in the treatment 
of 21 patients suggests that walking should be 
added to the medical regimen of oscillating 
bed, reflex heat, abstinence from tobacco, 
antimicrobial ointments, bandages, the release 
of vasospasm, and the treatment of associated 
conditions, such as diabetes and cardiac de- 
compensation. Where multiple therapeutic 
measures are employed, credit for improvement 
‘annot rightly be attributed to one alone. The 
introduction of walking has not hindered 
healing and improvement, but appears to have 
aided it. Ambulation results in a decreased 
need for nursing care. Patients are able to 
walk to the bathroom and attend to their 
personal needs. They are able to leave the 
hospital sooner. While at home they are also 
less of a burden. Many are able to return to 
work while still under treatment. 


SUMMARIO IN INTERLINGUA 


Le membros del profession medical deberea 
reconsiderar le establite practica de insister 
super allectamento pro patientes con gangrena 
del pedes 0 gambas in consequentia de in- 
sufficientia arterial. Successos obtenite in le 
tractamento de 21 patientes suggere que 
ambulation deberea esser addite al regime 
medical del lecto oscillante, de calor reflexe, 
de abstinentia ab tabaco, de unguentos anti- 
microbial, de bandages, de relaxation de 
rasospasmo, e del tractamento de conditiones 
associate como diabete e discompensation 
vardiac. 


Sub conditiones de tractamento per multiple 


mesuras therapeutic, il non es possibile at- 
tribuer le melioration del stato del patien:e 
un mesura individual. Le introduction de 
ambulation non ha obstruite le melioratic ) ¢ 
curation sed pare haber avantiate los. Qua ido 
un patiente pote ambular, su requirimento de 
servicios del parte de infirmeras es reduc te. 

Ille pote ir al lavatorio e satisfacer su des ros 

personal. Ille pote quitar le hospital plus t« 

Retornate a su domicilio, su presentia re 

senta minus problemas pro su _ familia. 

multe casos ille pote recomenciar tray: 
ante le fin de su tractamento. 
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Cor Triloeculare Biatriatum 


By Donautp Heatu, M.D. 


Cor triloculare biatriatum is a rare form of congenital heart disease that needs to be considered 
in the differential diagnosis of the important group of patients with cyanotic congenital heart disease 
with pulmonary hypertension. The clinical and pathologic features of an example of this disease are 
reported and discussed in a review of previously reported cases. The small pulmonary blood 
vessels showed some features of hypertensive pulmonary vascular disease and evidence of an in- 
creased bronchial arterial collateral circulation to the lung. An interpretation of these histologic 
changes relating them to the abnormal pulmonary physiology in cor triloculare biatriatum is sug- 


gested. 


‘OR triloculare biatriatum is a rare form of 
C heart disease that accounted for 13 of the 
1.000 cases of congenital heart disease collected 
by Abbott! and 7 of Clawson’s* 141 cases. In 
1954 van Buchem and his co-workers’ described 
acase with data gained from angiocardiography 
and cardiac catheterization, and estimated that 
60 cases had been reported, only 3 not having 
been associated with transposition.** The 
purpose of this paper is to present the clinical 
and pathologie features of another patient who 
survived to the age of 23 years, together with 
the results of special investigations, including a 
histologic study of the pulmonary vasculature. 
There have been very few descriptions of the 
lung in this disease although pathologic changes 
in the small pulmonary blood vessels exert great 
influence on both the clinical picture and the 
prognosis. 


CasE REPORT 


\ married woman, aged 23 years, who had been 
deeply eyanosed and dyspneic on exertion since 
birth, was admitted to hospital for investigation. 
Congenital heart disease was not diagnosed until the 
age of 3 years. In childhood she was unable to join in 
games or physical training on account of dyspnee 
but later she led a normal life and worked: in an 
offic, suffering from only occasional ankle swelling. 
She ‘vas able to lie flat in bed but walking up hills 
rapi ily produced breathlessness. In the year pre- 
cedi»g admission her dyspnea worsened and became 
ass’ iated with an unproductive cough and persist- 
ent ankle edema. She had 2 epistaxes but no 
hen »ptysis. On examination there was severe central 
cya sis and clubbing of the fingers and toes. There 
was 10 cardiac enlargement, and the apex beat was 
tap ng in character. There was a heave over the 
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lower sternum, suggesting right ventricular hyper- 
trophy. On auscultation the second sound in the 
pulmonary area was loud and split and in the third 
left intercostal space there was a late systolic mur- 
mur. The systemic blood pressure was 135/80 mm. 
Hg. The hemoglobin level was 130 per cent (19.3 
Gm. per cent) and the hematocrit 69 per cent. The 
electrocardiogram showed sinus rhythm at 85 per 
minute and right axis deviation with right ventricu- 
lar preponderance. A teleradiogram showed a glob- 
ular cardiac silhouette without cardiac enlargement 
or prominence of the pulmonary conus. In the left 
anterior oblique view, right ventricular enlargement 
was considered to be present, although the other 
chambers were of normal size. There was an in- 
creased density of the hilar shadows, which were 
stippled in character suggesting a collateral circula- 
tion to the lung; hilar dance was absent. The angio- 
cardiogram showed a considerable shunt of blood 
passing from the right side of the heart into the 
aorta. These angiocardiographic appearances, 
coupled with the subsequent inability to demon- 
strate the pulmonary artery blood pressure at cardiac 
catheterization, led to an erroneous diagnosis of 
Fallot’s tetralogy. In the right atrium the mean 
blood pressure was —2 mm. Hg and the blood oxygen 
saturation was 68 per cent. Attempts to catheterize 
the right ventricle and the pulmonary artery were 
abandoned as they provoked frequent runs of extra- 
systoles. The oxygen saturation of the brachial 
artery blood was 71 per cent. The patient was con- 
sidered suitable for a Blalock-Taussig operation. 
At thoracotomy the main pulmonary artery was 
found to be very large and tense, causing great tech- 
nical difficulty. The patient died a few hours later. 


Autopsy Report 


The heart weighed 250 Gm. (fig. 1). The right 
atrium was of normal volume and its walls of normal 
thickness; it contained no antemortem thrombus. 
There was no atrial septal defect. The right atrium 
opened into a single ventricle through a right atrio- 
ventricular orifice, which was 8 cm. in circumfer- 
ence (fig. 2). The right atrioventricular valve was 


Circulation, Volume XV, May 1957 





COR TRILOCULARE BIATRIATUM 


Fic. 1. View of the anterior surface of the heart 
showing the right and left atria (RA and LA) and the 
common ventricle (CV). There was transposition of 
the aorta (A) and pulmonary artery (PA). The ab- 
normal origin of the right coronary artery (RCA) 
from the right posterior cusp of the aorta is also 
shown. 


tricuspid. The cusp analogous to the septal cusp of 
the normal tricuspid valve was large and free and 
not tethered as in the normal heart (fig. 2). The 
bases of the cusps analogous to the anterior, medial, 
and inferior cusps of the normal tricuspid valve 
measured 3, 3.5, and 1.5 em. respectively, while the 
corresponding maximum lengths were 1.2, 1.5, and 
1.0 em. There were 2 main papillary muscles at- 
tached to the valve; one, 14 mm. in width at its 
base, provided chordae tendineae for attachment to 
the free margins of the anterior cusp while the 
other, 7 mm. in width at its base, provided chordae 
for attachment to the contiguous margins of the 
septal and anterior cusps (fig. 2). One of the colum- 
nae carneaé running from the base of the smaller 
papillary muscle insinuated between the right and 
left atrioventricular valves but it did not form a 
partial ventricular septum. The right atrioventric- 
ular orifice led into a single dilated ventricle, which 
was 11 mm. thick at its base, 8 mm. half way be- 
tween base and apex, and 2 mm. in the region of 
the apex (fig. 2). The right ventricular cavity was 
subdivided into a main chamber, which gave rise to 
the dilated pulmonary artery, and a rudimentary 
chamber 33 mm. in length from which the aorta 
arose (fig. 2). The left atrium was of normal volume 
and thickness and contained no antemortem throm- 
bus. The mitral valve was of normal structure. 


Fic. 2. The heart has been opened to show the 
direction of flow of blood from the right and left atria 
(RA and LA) into the common ventricle (CV). The 
blood flows are indicated by the large white arrows. 
The upper, labeled RA, indicates the flow from the 
right atrium, while the lower, labeled LA, indicates 
the flow from the left atrium. The long white marker 
labeled A indicates the flow of blood from the rudi- 
mentary cavity of the common ventricle into the 
aorta. The short white marker labeled PA indicates 
the flow of blood from the main chamber of the com- 
mon ventricle into the pulmonary artery. The medial 
cusp of the tricuspid valve, libeled 7V, is normally 
partially tethered by chordae tendineae, but in this 
patient was free, due to the absence of the ventricular 
septum. 


There was transposition of the great vessels, the 
aorta lying in front and to the left of the pulmonary 
artery (fig. 3). The aorta was smaller than the pul- 
monary artery with a caliber of 16 mm. and a wall 
thickness of 1.5 mm., the caliber of the pulmonary 
artery being 20 mm. and the wall thickness 3 mm. 
Unlike the ascending aorta, the pulmonary artery 
was dilated and atheromatous, the areas of atheroma 
being continuous with others on the tricuspid «nd 
mitral valves. The pulmonary valve consisted of 3 
semilunar cusps: 1 was anterior, 1 posterolateral, nd 
1 posteromedial. The aortic valve also consisted of 3 
semilunar valves: 1 was anterior, 1 posteromedial, 
and 1 posterolateral. There were 2 coronary arteries 
(fig. 1). The left arose normally from the left posterior 
sinus but the right coronary artery arose abnorm lly 
from the right posterior sinus. This latter artery, 
which normally arises from the anterior sinus, divi !ed 
into 3 main branches that ramified over the ante? 0r, 
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Fic. 3. View of the base of the heart showing the right and left atria (RA and LA) and the trans- 
posed aorta (A) and pulmonary artery (PA). The pulmonary artery was dilated and thick walled 
compared to the aorta, and showed a patch of atheroma, indicated by a white arrow. 


lateral, and posterior aspects of the right ventricle. 
The left coronary artery divided into a descending 
branch that supplied the anterior and marginal 
portions of the left ventricle and a circumflex 
branch that passed to supply the posterior surface 
of the left ventricle. The coronary arteries were not 
atheromatous. 


Pulmonary Vasculature 


The lung was very vascular owing to numerous 
thin-walled blood vessels lined by a single elastic 
membrane, which appeared to arise from both 
bronchial and pulmonary arteries (fig. 4C). 

Those from the bronchial circulation were derived 
from true bronchial arteries (fig. 4B), the vasa 
vasorum of elastic pulmonary arteries (fig. 44), and 
the visceral pleural arteries (fig. 4D). The bronchial 
walls and the adventitia of the elastic pulmonary 
arteries contained numerous dilated, thin-walled 
blood vessels, lined by a single elastic lamina, which 
distributed many branches to the lung parenchyma 
(fig. 44 and B). Pleural bronchial arteries were 
prominent as vessels about 250 u in diameter, which 
consisted of an outer layer of circular smooth muscle 
an an inner layer of longitudinal smooth muscle 
separated by a thick internal elastic membrane, and 
a fo intly staining external elastic membrane that was 
ex'-rnal to the circular muscle (fig. 4D). The internal 
ela: tie membrane was split to form fibrillae that 
sw’ ounded the longitudinal muscle bundles in the 
su! »ndothelial layer. 

he muscular pulmonary arteries (100 to 1000 u 
iameter) had a thick muscular media, intimal 
iferation of fibrous tissue leading to almost total 
ision of the vessels and a thick adventitia; they 

surrounded by clusters of their dilated thin- 


walled branches, which were lined by a single elastic 
lamina (fig. 5). One muscular pulmonary artery, 80 
X 200 u, had a media 32 yu thick and was surrounded 
by dilated branches about 150 wu in diameter that 
were indistinguishable from those of the bronchial 
arteries. These thin-walled branches of pulmonary 
and bronchial arteries anastomosed to form a net- 
work of vessels in the lung parenchyma, the average 
diameter being 150 u, although some were as large 
as 600 uw; in some there were eccentric intimal 
thickenings that appeared to be organizing bloodelot. 

None of the pulmonary arterioles (less than 100 u 
in diameter) had a muscular media with 2 elastic 
laminae, a configuration usually found in association 
with pulmonary arterial hypertension and the type 
of muscular pulmonary artery described above. 
Instead they consisted of a single elastic lamina 
between the endothelium and a thin adventitia and 
very few showed the normal age change of intimal 
sclerosis. The alveolar walls were distended by small 
pulmonary arterioles and capillaries, 10 to 20 uw in 
diameter (fig. 4C). 

The elastic pulmonary arteries (more than 1000 u 
in diameter) were normal apart from the adventitia, 
which contained many branched vasa vasorum as 
described above (fig. 44). The media was about 10 
per cent of the external diameter of the vessel. 

In serial sections of the only block of lung avail- 
able for examination large branches of a pulmonary 
and a bronchial artery came into close apposition 
(fig. 6) and their radicles appeared to be forming a 
bronchopulmonary anastomosis distinct from the 
numerous anastomoses between the much smaller 
thin-walled branches of bronchial and pulmonary 
circulations in the lung parenchyma already de- 
scribed. Unfortunately the actual point of communi- 
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Fic. 4. Sections of lung stained by Verhoeff’s and van Gieson’s stains to demonstrate elastic tis- 
sue, illustrating the increase in blood supply to the lung by the various branches of the bronchial 
arteries. A. Dilated vasa vasorum in the adventitia of an elastic pulmonary artery (X 95). B. Di- 
lated branches of true bronchial arteries in the wall of a small bronchus (X 30). C. Dilated, thin- 
walled blood vessels in the lung parenchyma derived from the bronchial and pulmonary arteries 
(X 38). D. Prominent pleural bronchial artery (X 95). 


cation was not reached in the block and, as no 
further lung tissue was available for study, proof of 
the existence of the anastomosis was not obtained. 


Discussion 
Symptomatology 


Most of the reported adolescent or adult 
cases of cor triloculare biatriatum in common 
with the present patient have had few symp- 


toms and have led fairly normal lives wit 
dyspnea, cyanosis, and tiredness only « 


marked exertion,*:7»* but these cases a’ 


artificially selected in that they have probab 
had adaptive mechanisms that have enabl: 
them to survive to adult life. Most have be: 
either acyanotic or only slightly cyanosed, wi 
autopsy revealing a large pulmonary arte 
arising from the main part of the comm: 
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ic. 5. Museular pulmonary artery, indicated by a 
black arrow, surrounded by its dilated thin-walled 
branches, indicated by a white arrow. This artery 
shows medial hypertrophy and intimal sclerosis, 
which has led to occlusion of the vessel, changes 
usually regarded as characteristic of hypertensive 
pulmonary vascular disease (X 65). 


ventricle, allowing a great volume of blood to 
be oxygenated in the lung. The commoner 
type of case with severe cyanosis from birth? is 
characterized by activity being considerably 
curtailed by dyspnea and palpitation. In such 
cases the pulmonary artery is small and arises 
from the rudimentary chamber of the common 
ventricle. 


Sai INS 


\ systolic murmur such as that heard in the 
sent patient has been noted in most of the 
ted cases.!: 53 This murmur is usually 
ximal to the left of the sternum in the second 
ourth intercostal spaces, as in the present 
and those reported by Edwards and 
imberlain,'® Rogers and Edwards,® and van 
hem and his co-workers,’ but it may be 
heard at the apex.? When there is as- 
ated dextrocardia, the systolic bruit will 
urally be maximal over the right side of the 
st.° The murmur may be accompanied by a 
ll.6. 8 The typical murmur may be absent in 


Fig. 6. Section taken at the site where branches of 
a muscular pulmonary artery, indicated by a white 
arrow, and a bronchial artery, indicated by a black 
arrow, appeared to be forming a bronchopulmonary 
anastomosis. The muscular pulmonary artery shows 
medial hypertrophy and some intimal proliferation of 
fibroelastic tissue and is surrounded by its dilated 
branches. The bronchial artery, lying between a 
bronchus and an elastic pulmonary artery, has pro- 
duced a branch that was found to arch over the 
bronchus and pass into close apposition with the 
branches of the muscular pulmonary artery. Unfortu- 
nately the actual anastomosis was not seen (X 25). 


infancy as in the case of a’ 3-day-old girl 
described by Richman." A diastolic element 
may occur to produce distinct systolic and 
diastolic murmurs,’ a “‘to and fro’? murmur,!® 
or a continuous murmur.!: * It is probable that, 
as in pulmonary atresia! and tricuspid atresia,” 
the ‘‘to and fro” and continuous murmurs are 
due to a collateral bronchial circulation. Taus- 
sig'® believed that the murmurs lack the rasping 
quality so characteristic of most forms of con- 
genital heart disease as there is no shunting of 
blood from one chamber to another. The 
second sound in the pulmonary area is loud,’ 
and indicative of pulmonary arterial hyper- 
tension, in those cases with a large pulmonary 
artery from the main chamber of the common 
ventricle. 

In most cases of cor triloculare biatriatum 
with transposition, there is an increased pul- 
monary blood flow and a diminished blood 
supply to the rest of the body. This reduced 





706 COR TRILOCULARE BIATRIATUM 


systemic blood flow is expressed by a frail 
infantile build.6-7:'% The patient of van 
Buchem and his co-workers* had ‘always been 
very thin” and weighed 37 Kg. with poorly 
developed musculature and slight development 
of mammary glands. 

It might be expected that central cyanosis 
would be severe in this disease since arterial and 
venous blood both enter the common ventricle, 
and indeed in some cases, as in the present pa- 
tient, persistent cyanosis from birth has been 
reported.®: *» ?. 3 However, cyanosis was ab- 
sent at the age of 9 vears in a patient described 
by Glendy and co-workers’ and in 2 cases 
reported by Young!’ and Mann?° and was never 
prominent in a man of 49 years reported by 
Herndon and his colleagues.!! Central cyanosis 
was present only at birth and death in Korn- 
blum’s!® patient, while the patients of Green- 
berg’ and van Buchem and his associates*® were 
only slightly cyanosed. Brown?! thought that 
the explanation for absent or only slight 
cyanosis lay in the usually associated transpo- 
sition, which brought the aorta close to the 
mitral valve and the pulmonary artery near the 
tricuspid valve, with little chance for any great 
admixture of venous and arterial blood. Rogers 
and Edwards® believed that the moderate 
degree of central cyanosis in 6 of their 9 patients 
with cor triloculare biatriatum was related to 
the absence of pulmonary stenosis or atresia, 
which allowed an adequate pulmonary blood 
flow. Taussig'® believed the absence or presence 
of cyanosis depended on the volume of blood 
reaching the lungs for aeration, for when the 
pulmonary artery arises from the rudimentary 
chamber (see discussion on pathology) it is of 
small caliber and allows only a small volume of 
blood to reach the lung for aeration. Thus ¢ 
small volume of oxygenated blood is mixed with 
a large volume of unoxygenated venous blood in 
the common ventricle, leading to intense 
cyanosis. Conversely, if there is transposition 
so that the pulmonary artery arises from the 
main ventricle, it is large, allowing a large 
volume of oxygenated blood to return to the 
ventricle to mix with a small volume of un- 
oxygenated venous blood. Hence cyanosis is 
minimal or absent as in the case of Greenberg.’ 

As would be anticipated, the hemoglobin 


level is high in those cases where cyanos’s js 
both early and persistent. Thus in the pre. ent 
‘ase the hemoglobin level was 130 per | ent 
while levels of 170,5 122," and 135 per ecat® 
have also been recorded. In acvanotic cases ‘he 
hemoglobin level is normal; it was 80 per cei» in 
the patient of Glendy and co-workers.’ 

Although cardiac enlargement may be 
marked,®: 7: > 13 the heart may be of nor »al 
size, as in the case under discussion. 


Electrocardiography 


Taussig'® pointed out that the electrocai 
gram is of little value in diagnosing the anon 
under discussion for it may or may not s! 
right axis deviation; it did occur in the pres» 
‘ase and was reported by Glendy and _ as- 
sociates,’ Rogers and Edwards,® and Edwards 
and Chamberlain.'* The course of the bundle of 
His in cor triloculare biatriatum must be 
grossly abnormal but, although evidence of a 
disturbance of the conduction of impulses 
through the ventricle has occasionally been 
reported, intracardiac conduction time is 
usually normal and the QRS complex normal 
in appearance.’ The electrocardiogram of the 
patient of van Buchem and his colleagues’ 
showed incomplete right bundle-branch block 
but these authors also remarked that, despite 
the absence of a ventricular septum, the QRS 
complexes had been repeatedly found to show 
no abnormality in cor triloculare biatriatum. 

Rogers and Edwards® observed left axis devia- 
tion in 2 of their 4 patients with cor triloculare 
biatriatum and believed this to be of some 
clinical importance, as left axis deviation in the 
presence of central cyanosis is usually sugges- 
tive of tricuspid atresia.’? 


Radiology 


In cor trioculare biatriatum the cardiac 
silhouette may be rounded or globular,’ as in 
the present case. In infants the rudiment:ry 
chamber occupies the position of the normal 
pulmonary conus and produces a bulge in (us 
region so that, although the heart is not re: 
large, the marked dilatation in the region of | 
conus erroneously suggests that the heart 
huge.'* Marked cardiac enlargement has be 1 
reported by Glendy and co-workers,’ Edwa: !s 
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and hamberlain,'® and Rogers and Edwards.® 
Hoy ver, in the left anterior oblique position 
thei is no projection of the right ventricular 
sha ow to the chest wall, proving the absence 
of . ‘ht ventricular hypertrophy.'® The com- 
bin. ion of the posteroanterior and left anterior 
ob! ie views forms a very characteristic 
rad. Jogie picture and makes it possible to 
dia. osecortriloculare biatriatum radiologically 
in’ ung children. When the pulmonary trunk 
aris from the common ventricle, there is an 
exc -sive blood flow to the lungs leading to 
pu .onary congestion. 

As the patient survives to childhood, the 
heart becomes long and narrow and the promi- 
neice of the pulmonary conus may disappear, 
as ii the present case and as noted by Taussig'® 
and van Buchem and his colleagues.? The 
absence of a prominent pulmonary conus does 
not imply that the pulmonary trunk is small, 
as in the present case, where the pulmonary 
artery was shown at autopsy to be big but 
transposed. If the pulmonary artery arises from 
the common ventricle, conspicuous _ hilar 
shadows and hilar pulsation may occur,?:? 
although hilar dance was absent in the patient 
of Edwards and Chamberlain."* In the present 
case there were conspicuous hilar shadows but 
no hilar pulsation. The shadow of the aortic 
knuckle produced by the small aorta arising 
from the rudimentary ventricle is small. In 
this way, in the adult, the combination of hilar 
pulsation and a prominent pulmonary conus 
may suggest Eisenmenger’s complex or any of 
the congenital cardiac disorders associated with 
severe pulmonary hypertension, and this makes 
it very difficult to diagnose cor triloculare bia- 
triatum radiologically in older children or adults. 
On the other hand, if a large aorta arises from 
the common ventricle, while a small pulmonary 
artery arises from the rudimentary ventricle, 
there is no prominence of the pulmonary conus 

‘increased hilar shadows and the cardiac 
uette is suggestive of Fallot’s tetralogy. 
vocardiography 

ngiocardiography demonstrates simultane- 
filling of the great vessels from a single 
‘ricle, although the dilated vessel arising 
1 the main chamber of the ventricle will 


cast a denser shadow than the vessel springing 
from the rudimentary chamber. Thus in the pa- 
tient of van Buchem and his associates’? 2 
seconds after the injection of radiopaque dye 
there was filling of the main and rudimentary 
ventricle resulting in 1 large ventricular 
shadow; while the aortic shadow was only 
faint, the pulmonary artery produced a distinct 
shadow and dye remained in this vessel even 
after 5.5 seconds. In the present case early 
filling of the aorta from the right ventricle led 
to an erroneous diagnosis of Fallot’s tetralogy. 


Cardiac Catheterization 


Cardiac catherization gave little information 
in the present patient, as the introduction of a 
vardiac catheter into the right atrium provoked 
numerous runs of extrasystoles. However, van 
Buchem and his colleagues* found it possible to 
enter the common ventricle, pulmonary artery, 
and aorta in their patient; they demonstrated 
that there was severe pulmonary arterial hyper- 
tension (125/70 mm. Hg), the blood pressures 
in the pulmonary artery being equivalent to 
those in the aorta and the common ventricle. 
The blood oxygen saturation in the pulmonary 
artery was 75 per cent, a value almost identical 
with those found for the blood in the aorta and 
the common ventricle. The findings of van 
3uchem and his associates? prove that pulmo- 
nary arterial hypertension occurs in cor tri- 
loculare biatriatum and provides a basis for the 
hypertensive changes in the pulmonary vessels 
in the present case. 


Blood Oxygen Saturation 


This is of diagnostic importance in cor tri- 
loculare biatriatum since, even though cyanosis 
may not be detectable, there is always an in- 
creased amount of reduced hemoglobin in the 
arterial blood.'* In the case of van Buchem and 
his co-workers’ the brachial artery blood oxygen 
saturation was 77 per cent, while in the present 
case it was 71 per cent. Oxygen inhalation will 
not raise the blood oxygen saturation to normal. 
This finding is of importance in distinguishing 
cor triloculare biatriatum from Eisenmenger’s 
complex, a disease with which it may be con- 
fused radiologically. In Eisenmenger’s complex 
the blood oxygen saturation in the pulmonary 
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artery and right ventricle is lower than in the 
aorta®: * in contrast to the condition under 
discussion where the blood oxygen saturation is 
the same in the common ventricle, pulmonary 
artery and aorta.’ 


Patholog, 


In cor triloculare biatriatum the ventricular 
septum is absent or rudimentary, and both 
tricuspid and mitral orifices communicate with 
a common ventricle. In the present case, a 
dividing muscular band, such as described by 
Taussig,* was found at the outflow tract 
running from the base of the dorsal wall to the 
ventral wall. This band, regarded by some 
authors as a rudimentary ventricular septum 
and by others as an aberrant crista supra- 
ventricularis was considered by Taussig'® to 
develop as follows. When the primitive cardiac 
tube bulges forward and swings to the right, the 
anterior portion of it becomes the bulbus cordis 
and the posterior loop becomes the common 
ventricle and normally the ridge separating 
bulbus from ventricle atrophies and the aortic 
septum develops. The aorta arises from the 
common ventricle posterior to the bulbus cordis 
while the anterior portion forms the outflow 
tract of the right ventricle from which the 
pulmonary artery arises. In cor triloculare 
biatriatum the development of the heart is 
arrested at this stage, so that the bulbus cordis 
persists as a rudimentary outlet chamber. Both 
great vessels may arise from the primitive out- 
flow tract or one may arise from the common 
ventricle and one from the rudimentary outlet 
chamber. This conception of the origin of the 
great vessels explains to some extent the pres- 
ence or absence of cyanosis. If both great vessels 
arise from the diminutive chamber, the mixture 
of arterial and venous blood is approximately 
equal and the patient is cyanosed but if one of 
the great vessels arises from the common 
ventricle, the mixing is disproportionate. When 
the pulmonary artery arises from the main 
common ventricle a large volume of blood goes 
to the lung for aeration and much oxygenated 
blood returns to the left atrium to mix with the 
small amount coming from the systemic veins, 
cyanosis is usually absent or minimal. Con- 
versely, when the aorta arises from the common 


ventricle, the situation is reversed and cya josis 
is frequently intense. However, this is not 
invariably so, for in the present case in \ hich 
deep cyanosis occurred, the pulmonary a: tery 
was large and arose from the main chamb r of 
the common ventricle, while in other rep: sted 
cases'! cyanosis was never prominent alth ugh 
the aorta arose from the main ventri ular 
chamber. Rogers and Edwards® believed hat 
the band usually divides the ventricular ou: low 
tract into a large dorsal subpulmonary pari and 
a small ventral subaortic part. This is cert: inly 
true in the case under discussion in which not 
only was the subpulmonary region bi <ger 
than the subaortic outlet chamber but the 
pulmonary artery was also larger than the 
aorta. This added disproportion in the size of 
the great vessels has been noted in prev .ous 
reports.” '* Occasionally the pulmonary ariery 
arises from a persistent truncus arteriosus. 

In most cases, as in that under discussion 
(fig. 3), transposition of the great vessels has 
been associated with cor triloculare biatriatum, 
the aorta lying in front and to the right of the 
pulmonary trunk. In some cases the aorta lies 
to the left.6: 7) 1° It is exceedingly rare to find 
cor triloculare biatriatum unassociated with 
transposition, 
ported.*: 5) *4 


although it has been re- 


Many other congenital anomalies as well as 


transposition occur in association with cor 
triloculare biatriatum. Rogers and Edwards‘ 
found hypoplasia of the aortic arch and patent 
ductus arteriosus, bicuspid pulmonary and 
aortic valves, and mongolism in their 9 patients 
with cor triloculare biatriatum. Patent ductus 
arteriosus has also been reported by Favorite’ 
and Richman," while associated atrial septal 
defect has been described by Glendy and co- 
workers,’ Mehta and Hewlett,” and Richman." 

The heart in cor triloculare biatriatum may 
be of normal size (fig. 1) but it is frequently 
large and heavy’: with thick ventricular 
walls.*: 7 In particular, the right atrium may be 
dilated and hypertrophied.°: 


Pulmonary Vessels 


Edwards and associates": 2 stated that in cor 
triloculare biatriatum the undivided venti cle 
ejects blood into both the aorta and the j ul- 
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mo ary trunk and the relative volume of blood 
flo, ing into each of these vessels will depend 
up 1 the level of resistance in the systemic 
ya ular bed as compared with that in the 
pu nonary. If the pulmonary artery blood 
pr sure were normal, a great flow of blood to 
th: .ungs would occur at the expense of systemic 
bl. od flow and this may explain deaths from 
riloculare biatriatum in infancy. Edwards” 
idered that patients who live to adult life, 
1 as the woman reported here, probably 
ea regulatory mechanism such as a reduced 
ber of the pulmonary vessels that dimin- 
ics pulmonary blood flow. He concluded that 
the small pulmonary vessels in the anomaly 
under discussion would probably show similar 
changes to those found in association with 
pulmonary hypertension. In fact, in the present 
case the muscular pulmonary arteries showed 
medial hypertrophy and intimal fibrosis with 
dilated thin-walled branches, appearances 
found by Brewer®® and Heath and co-workers?° 
to be characteristic of pulmonary arterial 
hypertension. There were, however, no vessels 
below 100 uw in diameter with a distinct media 
and internal and external elastic laminae, which 
have been found in association with pulmonary 
arterial hypertension in Eisenmenger’s com- 
plex,” patent ductus arteriosus with pulmonary 
hypertension,” and idiopathic pulmonary 
hypertension.?> Similar findings in the pulmo- 
nary vasculature have been reported by Edwards 
and Chamberlain and a photomicrograph of 
small pulmonary blood vessels in a case of cor 
triloculare biatriatum described by Favorite® 
shows dilated thin-walled vessels. In the present 
case there was also one probable bronchopul- 
onary anastomosis together with hypertrophy 
of ‘he various branches of the bronchial arteries 
(trae broachial, pleural, and vasa vasorum), 
Which supplied the lung with numerous thin- 
we led vessels. These changes might be inter- 
ed as follows. 
he pulmonary arterial hypertension pro- 
's changes in the small muscular pulmonary 
ries with partial occlusion of the vascular 
ina. There results an increased resistance to 
nonary blood flow and a greater flow of 
il to the systemic circulation. While the 
ent can survive because of the increased 


systemic blood flow, there is a diminution of 
blood flow to the lung and progressive pulmo- 
ary arterial hypertension. Compensation for the 
diminution in pulmonary blood flow is probably 
made by an increase in the bronchial circula- 
tion exemplified in the present case by dilated 
branching bronchial vessels in the pleura, 
adventitia of elastic pulmonary arteries, and 
bronchial walls. However, in addition, part of 
the increased pulmonary vascularity may be 
due to the thin-walled branches of the muscular 
pulmonary arteries.”*: ?° It is conceivable that 
bronchopulmonary anastomoses occur and 
relieve the pulmonary arterial hypertension, 
blood passing from the pulmonary artery to the 
bronchial artery as described by Verloop.2® 

The eccentric intimal thickenings seen in 
some of the thin-walled blood vessels in this 
‘ase were probably due to fibrous organization 
of blood clot, as similar lesions have been found 
in Fallot’s tetralogy,*°: * tricuspid atresia,” 
atrial septal defect with pulmonary stenosis, 
and transposition with pulmonary stenosis.” 
All these diseases are characterized by high 
hemoglobin levels that were probably the cause 
of the intravascular thrombosis in the present 
case, where the hemoglobin level was 130 per 
cent. 


Differential Diagnosis 


In adults the differential diagnosis of cor 
triloculare biatriatum is from other forms of 
cyanotic congenital heart disease. As the 
cyanosis and murmurs in the anomaly under 
discussion are variable and so uncharacteristic, 
diagnosis must rest on special investigations. 
Of these, clectrocardiography is valueless, as it 
may show right or left axis deviation and QRS 
complexes may not indicate that the ventricular 
septum is absent. Radiology is of help in young 
children, for while the cardiac silhouette ap- 
pears to be huge in the posteroanterior view, 
due to the rudimentary ventricular chamber in 
the position of the pulmonary conus, the left 
anterior oblique view confirms that there is no 
right ventricular hypertrophy. In older children 
or adults, radiology is of little value for, if a 
large pulmonary artery arises from the main 
common ventricle and a small aorta from the 
rudimentary chamber, the radiologic appear- 
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ances suggest Eisenmenger’s complex or other 
cardiac diseases associated with pulmonary 
arterial hypertension and, if a large aorta arises 
from the main common ventricle and a small 
pulmonary artery from the rudimentary 
chamber, the appearances suggest Fallot’s 
tetralogy. Diagnosis must be based on the 
combined use of angiocardiography and cardiac 
catheterization. Angiocardiography demon- 
strates simultaneous filling of the aorta and 
pulmonary artery from a common ventricle 
while cardiac catheterization demonstrates 
pulmonary arterial hypertension in association 
with equal blood oxygen saturations in the 
pulmonary artery, the aorta, and common 
ventricle. The demonstration of pulmonary 
hypertension differentiates the condition from 
Fallot’s tetralogy, while in Eisenmenger’s 
complex or other congenital cardiac disease 
associated with pulmonary arterial hyperten- 
sion the pulmonary arterial blood oxygen 
saturation is lower than that in the aorta. 


Prognosis 


The over-all prognosis in cor triloculare 
biatriatum is bad, but survival to adolescence 
or adult life may occur if there is a large pul- 
monary artery arising from the main chamber 
of the common ventricle with a consequent 
good pulmonary blood flow; in Deuchar’s* 
patient, aged 13, who had little cyanosis 
at rest, a hilar dance with pulsation was visible 
out to the periphery of the lung fields. How- 
ever, there are exceptions to this general rule. 
In the patient of Herndon and his colleagues,!! 
who lived to be 49, the aorta, whose diameter 
was greater than the pulmonary artery, arose 
from the main ventricular chamber. Similarly 
in Holmes” patient, aged 22, it was the 
pulmonary artery that arose from the rudimen- 
tary ventricle. Mehta and Hewlett! described a 
patient who survived to the age of 56 with cor 
triloculare biatriatum associated with _ per- 
sistent truncus arteriosus, and in this case the 
blood supply to the lungs was not determined. 
In most cases the anomaly under discussion has 
the best prognosis when associated with trans- 
position in which the pulmonary artery is 
larger than the aorta and arises from the main 
part of the common ventricle. 
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The disease is compatible with mod 


‘Tate 
activity until early adult life, as shown by the 


present patient who was married and emp oyed 
as a shop assistant until she died at the » ze of 
23. In Abbott’s' series 1 patient reached the age 


of 35, while 1 survived to reach the age f 2]. 
Other reported cases have survived to thc ages 
of 1814,9 14,° 49," and 56." However, the a: thor 
is in full agreement with Edwards,” who con- 
sidered that an erroneous impression 0 the 
average length of survival has arisen be: ause 
only special cases surviving to adult life ave 
been described. In the Mayo Clinic series of § 
cases, the longest survival was 8 years, wile 6 
died below the age of 1 year. While mos: pa- 
tients with this disease die from congestive 
cardiac failure, they may die suddenly ‘rom 
rupture of an aneurysmally dilated pulmonary 
artery.’ It is probable that the dilatation of the 
pulmonary artery and its rupture are associated 
with a severely raised pulmonary artery blood 
pressure as in patent ductus arteriosus with 
pulmonary hypertension.”* 


Treatment 


Cases with a large pulmonary artery, a small 
aorta, and an increased pulmonary blood flow 
are not amenable to surgery. If a large aorta 
and a small pulmonary artery arise from a 
rudimentary ventricular chamber and provide 
a poor pulmonary blood flow, a Taussig-Blalock 
operation is of benefit. 


SUMMARY 


The clinical and pathologic features, includ- 
ing histologic changes in the small pulmonary 
blood vessels, of a case of cor triloculare biatri- 
atum are recorded together with the results of 
special investigations. 

The patient, a woman of 23 years, preseited 
as a case of cyanotic congenital heart disease 
with pulmonary hypertension whose main 
complaints were dyspnea on exertion and ankle 
edema. The electrocardiogram indicated right 
ventricular preponderance and the teleratio- 
gram showed a globular cardiac silhouctte 
without prominence of the pulmonary co 
Angiocardiography 


IS. 


showed a_ consider: ble 


shunt of blood passing from the right side o! ‘he 
heart into the aorta. 
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An rroneous diagnosis of Fallot’s tetralogy 
was ) ade and a Blalock-Taussig operation 
was p rformed, 

At utopsy the main pulmonary artery was 
dilat’ . and transposed, arising from the main 
eavit. of the common ventricle, while a small 
gort: arose from a rudimentary ventricular 
chan er. The small pulmonary blood vessels 
show. 1 certain features of hypertensive pul- 
mon: v vascular disease together with evidence 
of in. eased bronchial artery collateral circula- 
tion 0 the Jung. An interpretation of the histo- 
logic changes is suggested. 

The clinical and pathologic findings of the 
case are discussed in a review of previously 
repo! ed cases. 
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SUMMARIO IN INTERLINGUA 


Is presentate le characteristicas clinic e 
pathologie, incluse le alterationes in le parve 
vasos pulmonar de sanguine, de un caso de 
corde trilocular biatriate, sequite per le resul- 
tatos de investigationes special. 

Le patiente esseva un femina de 23 annos de 
etate. Illa se presentava como un caso de con- 
genite morbo cyanotic del corde con hyper- 
tension pulmonar. Su major gravamines esseva 
dyspnea post effortio e edema tarsal. Le electro- 
cardiogramma indicava preponderantia dex- 
tero-ventricular, e le teleradiogramma mons- 
trava un econtorno cardiac globular — sin 
prominentia del econo pulmonar. Angiocardio- 
graphia revelava un derivation considerabile de 
sanguine currente ab le latere dextere del corde 
ain le aorta. 

I's-eva formulate le diagnose erronee de 
tetr:'ogia de Fallot. Le operation de Blalock- 
Tau-sig esseva executate. 

A! neecropsia, le major arteria pulmonar se 
mon ‘rava dilatate e transponite. Illo prendeva 
suo gine in le cavitate principal del ventriculo 
com un, durante que un parve aorta proveniva 
ab | atrophiate secunde camera ventricular. 
Le | irve vasos sanguinee del pulmon mons- 
trav certe characteristicas de hypertension 


pul »no-vaseular insimul con signos de un 


augmentate circulation collateral al pulmon via 
le arteria bronchial. Es presentate un possibile 
explication del alterationes histologic. 


Le constatationes clinic e pathologic in le 
presente caso es discutite con referentias a 
previe reportos in le litteratura. 
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with all 57 aneurysms studied in the Europeans and was considered probably responsible for the 
eardiae involvement in each instance. Coronary atherosclerosis was not associated with any of 
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Clinical Evaluation of a New Oral 
Anticoagulant “Sintrom” 


uMeTT C. Neri, M.D., Richarp Y. Moon, M.D., anp JosepH B. VANDER VEER, M.D. 


The clinical results in 100 patients treated for thromboembolic disorders were compared with 100 
similar patients treated with Dicumarol. The rate of induction, ability to maintain a constant 
therapeutic level, and duration of action were especially considered. Induction and maintenance 


dosage were determined by clinical trial. 


NCE the introduction of Dicumarol into 
S ‘linical usage in 1942, the efficacy of anti- 
coaulant therapy for the treatment of throm- 
hoe ubolie disorders has been well established. 
The search for more efficient prothrombin 
depressants has continued and the clinical use- 
fuluess of many such drugs has been investi- 
gated. Those that have been found acceptable 
thus far have all been either coumarin or 
indanedione derivatives. It is the purpose of 
this paper to report 1 year’s experience with a 
new derivative of the coumarin series, nitro- 
phenyl-acetyl-ethyl-4-oxycoumarin. This drug 
is known commercially as Sintrom.* 

‘The mode of action and metabolism of Sin- 
trom have been thoroughly studied by Euro- 
pean workers and they have found that its 
main action is to depress factor VII and to a 
lesser extent prothrombin, early in the course 
of treatment.! Both are equally affected after 
several weeks of treatment.” It disappears from 
the body rapidly but unlike ethyl biscoumace- 
tate (Tromexan), which is metabolized to an 
inactive acid form, Sintrom is chiefly excreted 
unaltered.*-> Preliminary clinical studies indi- 
cated that Sintrom is intermediate in action 
between Tromexan and Dicumarol!-*: 5° and 
sugvested that it has certain advantages over 
bot: of them. Other workers!'®-” in this field 
ha’ listed the qualities of an ideal anticoagu- 
latvig agent and it is generally agreed that, 

| these criteria be met, the clinical applica- 
and safety of these drugs would be 
inc cased. We consider the following to be the 


om the Cardiovascular Department, Division of 
Me ‘cine, Pennsylvania Hospital, Philadelphia, Pa. 

Che supply of Sintrom used in this study was 
kin y furnished by Geigy Pharmaceuticals, Division 
of ( -igy Chemical Corporation, Ardsley, N. Y. 


most important qualities that a drug of this 
type should possess: 1. It should rapidly lower 
the activity of the prothrombin complex to a 
therapeutic range. 2. It should maintain its 
effect long enough to prevent fluctuations of 
prothrombin levels when the drug is adminis- 
tered in single daily doses. 3. It should be 
metabolized or excreted quickly enough to 
permit a rapid recovery of the prothrombin 
complex on cessation of therapy. 4. Its effect 
should be rapidly counteracted by the admin- 
istration of a suitable pharmacologic an- 
tagonist. 5. The doses should be relatively 
constant in a given patient and from patient 
to patient. 6. It should be effective when 
administered orally. 7. It should be nontoxic 
and well tolerated in therapeutic dosages. With 
these factors in mind a clinical study was 
undertaken at the Pennsylvania Hospital to 
evaluate the efficacy of Sintrom as an anti- 
coagulant and to compare it with other 
coumarin drugs. 


METHODS AND MATERIALS 


During the period of this study 156 patients with 
thromboembolic disorders received Sintrom. These 
cases were unselected and consisted of all patients 
admitted during this period who required anti- 
coagulant therapy. Those cases with thrombo- 
phlebitis, pulmonary embolism, and arterial em- 
bolism, received heparin initially as well, in order 
to produce an immediate anticoagulant effect. Early 
in this study there were 35 patients who were 
treated initially with Dicumarol. When each pa- 
tient’s average maintenance dose was established, 
Sintrom was substituted in an attempt to establish 
an equivalence in dosage between these 2 drugs. 
We found that 2 mg. of Sintrom are usually equiva- 
lent to 25 mg. of Dicumarol in prothrombin- 
depressant activity. 

In our hospital the responsibility for the admin- 
istration of anticoagulant drugs has been delegated 
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to the anticoagulant team of the Cardiovascular 
Department. We consider the generally accepted 
therapeutic range of 10 to 30 per cent prothrombin 
activity as an adequate one, but attempt to main- 
tain our patients at 15 to 20 per cent of normal, for 
it has been our experience, as others also have 
reported, that clotting occasionally recurs when a 
patient’s prothrombin time rises above 20 per cent. 
This is especially true early in the course of therapy. 

After the control determination of prothrombin, 
which may be done at any time depending on the 
hour of admission, the blood for the prothrombin 
times was drawn at approximately 10:00 a.m. daily 
(except Sunday) and the determinations were 
completed by the laboratory within 2 hours. At a 
daily conference of the anticoagulant team, the 
appropriate dose for each patient was chosen. The 
prothrombin levels and daily dose of anticoagulant 
were recorded on a special sheet in the patient’s 
chart and the drug was ordered to be administered 
at 3:00 p.m. in a single dose. 

Estimations of the activity of the prothrombin 
complex were determined according to the Link- 
Shapiro modification of Quick’s 1-stage method, 
except that Simplastin was used as the thrombo- 
plastin extract. We have found this substance to 
be quite stable and to yield uniform results from 
lot to lot. The prothrombin estimations were re- 
corded both in seconds and as percentage of activity 
of a dried, stable, normal plasma standard. The 
above method is used routinely for the control of all 
prothrombin depressants in our hospital. All tests 
are performed by 1 of 3 experienced technicians; 
any questionable result is repeated. 


RESULTS 

We have analyzed the records of the first 
100 patients treated with Sintrom and the 
previous 100 consecutive cases treated with 
Dicumarol. The only patients whose results 
were not included in each analysis were those 
in both groups who did not receive at least 10 
days of maintenance therapy. We believe this 
is the minimum time necessary to establish an 
average maintenance dose with any oral 
anticoagulant. 

In figure 1 the 2 groups are analyzed accord- 
ing to diagnoses and sex. On these bases the 
distribution of patients in the 2 groups was 
quite comparable. 


Induction Therapy 

We found early in the study, as have 
others,?:*:»'™ that Sintrom will produce a 
therapeutic hypoprothrombinemia in virtually 
all patients in 48 hours or less. Therefore, in 


order to compare the rapidity of inductioi 
Sintrom with other anticoagulants we | 
defined the induction phase as those 43 h 
between the initial dose at 3:00 p.m. and 
second prothrombin determination after + 
apy has been started. 

Our usual induction doses were as folk 
using Dicumarol alone we gave 300 mg. 
first day and 200 mg. the second day. W 
using Tromexan in combination with D 
marol to obtain more rapid induction, we ¢ 
1200 mg. and 200 mg. respectively the 
day, and 600 mg. and 200 mg. respectively 
the second day. It should be emphasized | 
while these are the doses the majority of 
patients received, they are by no means iny 
able. It is of great importance, as others h 
observed, to consider the clinical conditior 
the patient and the presence of concomit: 
disease when ordering any anticoagulant drug. 
The most important factors we have found that 
may require a reduction in these average doses 
are congestive heart failure, hepatic disecse, 
renal disease, marked malnutrition, and severe 
systemic illness. 

There were 71 inductions with Sintrom for 
which prothrombin times were available at 
the end of 48 hours; of these, 67 patients or 
94 per cent were in the therapeutic range by 
this time. Of 50 inductions with Tromexan and 
Dicumarol combined, 44 ‘patients or 88 per 
cent were in the therapeutic range at 43 hours. 
In contrast, of 47 inductions with Dicumarol 


PATIENTS 


Mgpcardel Tfarcton — Thrombophlebitis = Pulmonary Embolisn = Arterial Embo 


Fic. 1. Analysis of patients treated by Sintr m 
(solid) and Dicumarol (open) according to diagno °s 
and sex. Sintrom 70 males, 30 females; Dicumaro! 55 
males, 32 females. 
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alo e, only 14 or 30 per cent were within this 

e after 43 hours. This analysis shows the 

| action of Sintrom and illustrates well the 

intage of supplementing Dicumarol with 
mexan during the induction phase. 

| order to ascertain the earliest time at 

‘h the usual induction doses of 28 and 18 

of Sintrom would produce a therapeutic 

‘t, 10 patients had prothrombin times done 

1, 30, 36, and 48 hours after administration 

he first dose in addition to their control 

rmination. These results are shown in 

ire 2. Thirty hours after the initial dose of 

trom was given, 7 of these 10 patients were 

hin the therapeutic range and at the end of 

‘ hours all 10 had an adequate hypoprothrom- 

binemia. If one considers the average times of 

these patients, as represented by the heavy 


100 
a5 
90 


0 

t 

2B mas 
iG. 2. The prothrombin depressant effect of 
rom in 10 patients from the usual induction doses, 
‘termined by the prothrombin activity in per cent 


rmal (ordinate) 24, 30, 36, and 48 hours after 
il dose. 


line in the graph, it is evident that therapeutic 
prothrombin depression can be expected in 
most patients receiving these induction doses 
30 hours after therapy has been initiated. 


Maintenance Therapy 


We have found as a general rule that the dose 
on the third day of Sintrom therapy can safely 
be based on the prothrombin level. If the 
latter is 10 to 15 per cent of normal, 2 to 4 mg. 
are given; for 15 to 20 per cent of normal, 6 mg.; 
and if it is 20 to 30 per cent, 8 mg. are neces- 
sary. Thenceforth the appropriate dose on any 
day is based primarily on the depressant effect 
of the previous day’s dose on the prothrombin 
time. 

The average maintenance doses required to 
keep our patients in the therapeutic range and 
the average prothrombin percentage during 
maintenance therapy were determined for each 
group of 100 cases. The average daily Sintrom 
dose was 5.9 mg., which maintained the pro- 
thrombin activity at an average of 18 per cent 
of normal. In the Dicumarol-treated group 
78 mg. daily were required to maintain the 
prothrombin activity at an average of 21 per 
cent of normal. From these data it would seem 
that 2 mg. of Sintrom is roughly equivalent in 
activity to 25 mg. of Dicumarol and we have 
found that this relationship is valid clinically, 
as mentioned previously. In figure 3 we have 
grouped the patients from each series according 
to this equivalence in dosage, and according to 
their average daily requirement of each anti- 
coagulant. From this chart one can see that a 
normal distribution curve is approximated by 
each group. In addition, however, this graph 
suggests that there is a wider variation in the 
required daily dose from patient to patient 
with Sintrom than with Dicumarol. The total 
at both extremes of average dosage requirement 
with Sintrom (2 to 4 mg. and 10 to 12 mg.) 
was 29 patients. On the other hand, in the 
group receiving Dicumarol there were only 13 
cases that required as little as 25 to 50 mg. or 
as much as 125 to 150 mg. for an average main- 
tenance dose. 

Our experience with Sintrom represents 
2.044 patient-days of maintenance therapy; of 
this total, our patients were in the therapeutic 
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range 91 per cent of the time. In the group than 80 per cent of the time, but with I jcu- 
treated with Dicumarol there were 2,289 marol there were 34 in this group. 

patient-days of maintenance therapy and these 
patients were in the 10 to 30 per cent range for 
87 per cent of this time. In figure 4 we have The rapidity of return toward normal >ro- 
grouped the patients to compare the therapeu- thrombin activity on cessation of therapy ° ‘ith 
tic control with Sintrom and Dicumarol. We Sintrom was not determined for all 100 pati nts 
consider that a patient’s anticoagulant therapy treated with this drug, since it has been our 
has not been well controlled unless at least 80 policy for the past few years to ‘“‘taper off all 
per cent of his prothrombin determinations anticoagulants rather than to stop t em 
fall within the therapeutic range. Thus it is abruptly, in order to avoid a rebound phen m- 
significant that in the Sintrom-treated patients enon. There were, however, 24 of our pati nts 
there were only 19 in the therapeutic range less that either through intent or through nui :ing 


Recovery Phase 


SO 
4S 


40 


PATIENTS 


ul de 


6-8 75-100 8-10 #0-12% . 10-12 125150 
ras mas. mags. mas mgs. mas. mas. mqs mqs 
Fig. 3. A comparison of Bi. average maintenance dose distribution of Sintrom (solid) and Di- 
cumarol (open), 100 cases each. A normal distribution curve is seen in both groups but a wider 


variation in dosage is seen in the Sintrom series. 
50 


45 


Dicumarol (100 Cases) 2284 patient-days- 877% 
Sintrom (L00Cases) 2044 patient-days—[1% 


PATIENTS 


7 
7 
Uecocwe.- 


%-100% W-94% 95-89 % 80-84 % 75-79% 70-74 & 65-69 % 0-64% 55-59% <55% 
Fic. 4. A comparison of the 2 groups of patients as to per cent of time within the therapeutic 
range (10 to 30 per cent of normal). Sintrom, solid; Dicumarol, open bar. 
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BLE 1.—Return of Prothrombin Activity Toward 
alin Eleven Patients after Intentionally Omitting 
Daily Dose Because of a Low Prothrombin Ac- 


rombin per cent 
iy Sintrom dose 
not ordered 


Days of therapy 
prior to omission 
of Sintrom dose 


Prothrombin per 
cent 24 hours later 


19 12 
36 25 
36 18 
22 13 


44 


TABLE 2.—Return of Prothrombin Activity Toward 
Normal in Fourteen Patients after One Daily Dose 
Was Omitted through Error 


Prothrombin per cent 
on day Sintrom dose 
omitted 


Days of therapy 
prior to omission 
of Sintrom dose 


Prothrombin per 
cent 24 hours later 


54 19 
45 5 
80 13 
40 14 
67 13 
62 | ; 
48 
54 
32 
36 
44 
40 


44 


wr failed to receive Sintrom for 1 day during 
r therapy. The results of this omission are 
d in tables 1 and 2. Three things are ap- 

(1) there was no correlation between 
rise of the prothrombin time toward nor- 
and the number of days of previous treat- 
it, (2) the height to which the prothrombin 
vity rose correlates well with the degree 
s depression prior to the omitted dose, and 
a patient whose prothrombin activity is 
essed to a hazardous level, as those in table 
in be brought to a safe therapeutic level by 
inating the dose on that day. 


Complications 


Three patients who were being treated with 
Sintrom for acute myocardial infarctions had 
gross hematuria and received vitamin K, 
intravenously. The first patient, a 54-year-old 
woman, developed gross hematuria and eechy- 
moses on the thirty-seventh day of therapy, 
when her prothrombin activity fell to 3 per 
cent of normal. Thirty-five milligrams of 
vitamin KX; were given intravenously and 
within 2 hours her prothrombin activity was 
12 per cent; 20 hours later it was 67 per cent. 
The second patient, a 68-year-old man, devel- 
oped gross hematuria on the eighteenth day 
of therapy at a prothrombin level of 7 per cent. 
Two hours after the administration of 10 mg. 
of vitamin K, intravenously, his prothrombin 
time was 19 per cent and 20 hours later it was 
47 per cent of normal. The third patient, a 
68-year-old man, developed gross hematuria 
coincident with a prothrombin level of 5 per 
cent on the twenty-second day of therapy. Two 
hours after he had received 10 mg. of vitamin 
KX, intravenously, his prothrombin level was 
36 per cent and after 20 hours it was 72 per 
cent of normal. In all 3 patients the hematuria 
had ceased within 4 to 6 hours after the admin- 
istration of the vitamin KX). 


DISCUSSION ~ 


A new anticoagulant may be evaluated by 
determining its clinical characteristics and 
comparing them with those drugs available 
for clinical use and with those of an “ideal 
anticoagulant,” as outlined earlier in this 
paper. Although no drug presently available 
meets all these requirements, we believe that 
Sintrom has certain qualities that make it 
superior to many of the other drugs now in 
common usage. 

Sintrom induces a_ therapeutic hypopro- 
thrombinemia in most patients 36 hours after 
the initial dose is given when the induction 
schedules outlined are followed. This compares 
favorably with the rapidity of action of 
Tromexan. When we compared our results with 
those obtained in a group of 89 patients who 
received only Tromexan,!> we find that a 
slightly higher percentage of our Sintrom- 
treated patients were within the therapeutic 
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range (94 per cent vs. 80 per cent) 43 hours 
after the initial dose was given. However, 
Tromexan induced a therapeutic level in 27 
per cent of these 89 patients by the end of 24 
hours. Other workers?:7:'" have stated that a 
therapeutic prothrombin level could be ob- 
tained by the end of 24 hours with Sintrom 
with smaller induction dose than we used. We 
have been unable to duplicate their results; in 
fact, when we reviewed the records of all 
patients who received our first induction dose 
of 28 mg., we found only 1 patient who had a 
therapeutic prothrombin level by the end of 
24 hours. To verify this further, we gave 10 
patients without thromboembolic disorders a 
single 28 mg. dose of Sintrom and determined 
their prothrombin times at intervals of 6 
hours for 48 hours. The maximal depressant 
effect was seen in 24 hours, but the lowest level 
any patient reached by that time was 40 per 
cent of normal. In contrast are the results in 
the 10 patients who received 18 mg. of Sintrom 
24 hours after the first dose and who also had 
frequent prothrombin determinations (fig. 2). 
All these patients had a therapeutic prothrom- 
bin level 36 hours after therapy was begun. 
Thus 1 loading dose of Sintrom is inadequate 
but if the 2 recommended induction doses are 
given on successive days, a rapid hypoprothrom- 
binemia will be obtained. With the exception 
of those relatively few patients who had con- 
gestive heart failure, hepatic disease, renal 
disease, malnutrition, or a severe systemic 
illness, all of our patients received the 2 
induction doses. Other workers recommend 
somewhat smaller’ and larger doses.?: 7)! 
On this regimen we have had no patient whose 
prothrombin activity was less than 10 per cent 
at the end of the induction phase. When the 
schedule for the third day’s dose is followed, 
the prothrombin level is easily modified if 
necessary, and subsequent maintenance doses 
are determined by the effect of the previous 
day’s dose of Sintrom. This association is 
primarily a reflection of the relatively short 
duration of action of Sintrom, which we believe 
contributes greatly to the ease of control of 
therapy with this drug. We have not observed 
the rapid fluctuations in prothrombin levels 


commonly seen with Tromexan the apy, 
which may necessitate the use of divided |aily 
doses for smooth control. Aeppli and Ru elit 
have found that immediately after the opti rum 
effect of Tromexan has occurred, the “‘coa ‘ula- 
tion valence” begins to rise again. In cor rast 
they found that the maximum anticoag: ‘ant 
effect of Sintrom occurs as rapidly as vith 
Tromexan but remains constant for 15 1) 20 


hours, after which there is a rapid rise i: the 
prothrombin activity. On the other hand the 
effect of Dicumarol usually does not | -gin 
until 24 hours after a given dose and may -on- 


tinue for as long as 72 hours, or even |: iger 
after a prolonged period of therapy. Anc‘her 
recently introduced anticoagulant (Dips xin) 
is reported to produce a therapeutic proth:om- 
bin level in 48 to 60 hours and to requi: 
recovery period of 15 to 20 days after the cirug 
is withdrawn.'* The long recovery periods of 
Dicumarol and Dipaxin are claimed to be an 
advantage, for the omission of a single close 
does not interrupt the continuity of therapeutic 
control and a_ patient’s prothrombin time 
returns more slowly toward normal at the 
termination of therapy. We believe, however, 
that any anticoagulant with a long duration of 
effect has certain disadvantages that often 
outweigh these apparent advantages. 1. In 
the event of minor hemorrhagic complications 
or excessive hypoprothtombinemia, the anti- 
coagulant effect can be counteracted rapidly 
only by the administration of vitamin K,. 
While this is effective, the use of vitamin k, is 
often associated with a “rebound hypercoagu- 
lability” that may result in thromboembolic 
complications. 2. If surgery or other procedures 
become necessary, even if they can be deferred 
for 24 hours, the use of vitamin K, is nearly 
always necessary. 3. When vitamin K;, is used 
to reverse the effects of a long-acting anti- 
coagulant, relatively large doses are necessary 
and the patient is usually resistant to «anti- 
coagulants for several days thereafter. ‘his 
disadvantage, when continuation of ther:py 
is advisable, has not been observed with »in- 
trom. 

Figure 3 shows a wider variation in m: in- 
tenance dose with Sintrom than with D -u- 
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mar from patient to patient. However, once 
the aily requirement of a patient has been 
esta. ished and transient anticoagulant sensi- 
tizi) - faetors have been eliminated, the dose 
for «n individual patient varies relatively 
litt 

\ > believe that our results with Sintrom are 
qui good and attribute this in part to our 
“te: a system’’ of anticoagulant management. 
A » ajor factor is, however, the ease of control 
wit’ this drug. Its rapid onset of action and 15- 
to .)-hour duration of effect are great advan- 
tag s in its clinical use; its position in the 
“ay icoagulant spectrum” makes it worthy of 
con-ideration for general clinical use. 


SUMMARY 


\We have presented a report on our experi- 
ence in treating patients with a new coumarin 
anticoagulant, Sintrom, and have compared it 
with Dicumarol and Tromexan. It seems to 
offer certain advantages over these drugs when 
they are used alone: (1) it will induce a thera- 
peutic prothrombin level in most patients 36 
hours after the initial dose, (2) when given in a 
single daily dose, a therapeutic effect is easily 
maintained, (3) it is rapidly excreted and the 
elimination of 1 dose usually results in a 
prompt return of the prothrombin time toward 
normal, (4) vitamin Ky, in relatively small 
dosage counteracts its effect within a few hours, 
(5) the dosage is relatively constant in a given 
patient but, as with all anticoagulants, may 
vary with changes in the clinical condition of 
the patient—like other oral anticoagulant 
drugs, the dose required to maintain a thera- 
peutic level varies greatly from patient to 
patient, (6) we have found this drug well 
tolerated when administered orally, (7) a 
lim ‘ed experience with Sintrom suggests that 
it . a more nearly ideal anticoagulant than 
an. of the commonly used coumarin or in- 
da: dione derivatives. Further study under 
m ° varied conditions is indicated. 


SUMMARIO IN INTERLINGUA 


ss ha presentate un reporto de nostre 
‘ientias in le tractamento de patientes con 
ve anticoagulante coumarinic Sintrom e 


ha comparate lo con Dicumarol e Tromexan. 
Sintrom pare haber certe avantages super le 
altere mentionate drogas quando illos es usate 
sol. (1) Sintrom induce un nivello therapeutic 
de prothrombina in le majoritate del patientes 
36 horas post le dose initial. (2) Le effecto 
therapeutic de Sintrom es facile a mantener per 
administrar un sol dose per die. (3) Sintrom es 
excernite rapidemente, e le elimination de 1 
dose resulta usualmente in le prompte retorno 
del tempore prothrombinic verso le norma. (4) 
Vitamina K, in relativemente parve doses 
neutralisa le effecto de Sintrom intra pauc 
horas. (5) Le dosage de Sintrom es relati- 
vemente constante in le mesme patiente sed pote 
variar (como le dosage de omne anticoagu- 
lantes) in le presentia de alterationes del con- 
dition clinic del patiente. Le dosage de Sintrom 
(como le dosage de altere anticoagulantes oral) 
que es requirite pro mantener un_nivello 
therapeutic varia grandemente ab un patiente 
al altere. (6) Nos ha trovate que Sintrom es ben 
tolerate in administrationes oral. (7) Nostre 
experientias con Sintrom es limitate sed illos 
suggere que iste droga satisface le criterios del 
anticoagulante ideal a plus alte grados que le 
derivatos de coumarina e indanediona de uso 
commun. Studios additional sub varie con- 
ditiones es indicate. 


REFERENCES 


1 ScaRDIGLI, G., AND Guip1, G.: Experiences with 
a New Anticoagulant. Thrombosis and Em- 


bolism. I. International Conference, Basel 
1954. Basel, Benno Schwabe and Co., 1955. 

2 MoESCHLIN, 8., AND Scuorno, H.: Clinical ex- 
perience with a new 4-oxycoumarin derivative: 
“Sintrom.”’ Schweiz. med. Wehnschr. 85: 
590, 1955. 

3 MontTIGEL, C., AND PuLver, R.: Animal ex- 
periments with a new, highly active, short 
acting, 4-hydroxycoumarin derivative: Sintrom 
(G 23-350). Schweiz. med. Wehnschr. 85: 
586, 1955. 

4 PuLtver, R., MontiGcEL, C., AND Exer, B.: The 
Metabolism of the 4-Oxycoumarin Derivatives: 
Thrombosis and Embolism, I. International 
Conference, Basel 1954. Basel, Benno Schwabe 
and Co., 1955, p. 232. 

5SouLier, J. P., aND LarriEv, M. J.: Other 
Analogues of the Dicoumarins. The Anti- 
coagulants in Therapy. Paris, G. Doin et Cie, 
1955. 





720 CLINICAL EVALUATION OF NEW 

® Bropik, B. B., WerNER, M., Burns, J. J., SIMSON, 
G., anp Yate, E. K.: The physiological dis- 
position of ethyl bisecoumacetate (Tromexan) 
in man and a method for its estimation in 
biological material. J. Pharmacol. & Exper. 
Therap. 106: 453, 1952. 

7 Waker, W.: Preliminary Clinical Trial of 
Anticoagulant G-23350. Thrombosis and Em- 
bolism, I. International Conference, Basel 
1954. Basel, Benno Schwabe and Co., 1955, 
p. 259. 

S’Guipi1, G., AND ScarpiGut, G.: Clinical-experi- 
mental researches on a new synthetic anti- 
coagulant: G-23350. La Clinica Terapeutica 
8: 24, 1955. 

9 WEINER, M., JiminEz, M., anD Katzka, I.: An 
evaluation of a new anticoagulant, aceno- 
coumarin (Sintrom). Circulation 13: 400, 1956. 

10 Wricut, I. S.: The use of anticoagulants in the 
treatment of diseases of the heart and blood 

Ann. Int. Med. 30: 80, 1949. 

: Present status of anticoagulant therapy in 

the treatment of myocardial infarction: the 


vessels. 


use and misuse of anticoagulants: an evaluation 


ORAL ANTICOAGULANT “SINTROM?”’ 


of new anticoagulants, their indications 
dosage. Ann. Int. Med. 48: 942, 1955. 

2 Arppui, H., AND RuBELTI, P.: Clinical Experi: 
with a New 4-Oxycoumarin Derivativ« 
23350 (Sintrom). Thrombosis and Embx 
I. International Conference, Basel 1954. | 
Benno Schwabe and Co. 1955, p. 265. 

8 QOuwin, J.: Principles of anticoagulant th 
and their application. M. Clin. North An 
39: 1, 1955. 

44 SCHILLING, F., AND Krvuest, O.: Clinical evalu 
of Sintrom, a new 4-hydroxycoumarin 
coagulant. Circulation 12: 771, 1955. 

1° VanpDER VEER, J. B., Funk, E. H., Boyer, | 
AND Ketuer, EF. A.: Clinical evaluatio 
ethyl biscoumacetate (Tromexan). An 
Med. 14: 694, 1953. 

16 PascaLe, L., AND Otwin, J.: Clinical exper 
with a new anticoagulant, Dipaxin 
phenylacetyl-1, 3-indandione). Circulatio 
230, 1954. 

7 Fyevp, J. B., Jr., Gotprars, M., Ware, A., 


GrirFitH, G.: Dipaxin-2-diphenylacetyl-! , 


indandione: Clinical evaluation of a new 
coagulant. Circulation 11: 596, 1955. 


Subsequently, in the celebrated Commentaries upon which our grandfathers in the profession 
were educated, Heberden gave a fuller account of his experience with the disease. The name which 
he adopted can not be regarded as altogether satisfactory, since it was already in use in designat- 


ing affections of the throat, with which its literal meaning—a strangling 


is much more in har- 


mony. In one sense, however, the term is fairly appropriate, since, as noted by Gairdner, the words 
anxiety and anguish, expressive of two of the most prominent features of the disease, have a deri- 
vation from the same Greek word as angina.-—Wi1LL1AM OsLER, M.D. Angina Pectoris and Allied 


States. 1897. 
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Effect of Circulatory Changes on the Pulmonary 
Compliance of Normal Subjects and 
Patients with Mitral Stenosis 


B, W. W. Pryor, M.D., J. B. Hickam, M.D., H. O. Stexer, M.D., ano E. B. Pace, M.D. 


Fulfillment by the lungs of their bellows function depends largely on their resiliency and elasticity. 
Unless the lungs can readily comply with the changes in the thoracic cage during inspiration and ex- 
piration, ventilation will be seriously impaired. Pulmonary compliance is expressed as the ratio of 
lung volume in liters to intraesophageal pressure in centimeters of water. The present study is 
concerned with the role of pulmonary vascular engorgement in reducing compliance in normal sub- 


jects and in patients with mitral stenosis. 


gee compliance has been found 
to be decreased in patients with congestive 
heart failure’ and mitral stenosis.2* This 
stiifening of the lungs increases the work of 
breathing and must make a contribution to the 
dyspnea that these patients experience at rest 
and on exertion. In some patients with mitral 
stenosis or congestive heart failure the lungs 
become even stiffer during exercise, but in 
vihers exercise produces little change.*: 4+ The 
mechanisms responsible for reducing pulmo- 
nary compliance in these patients are not clear. 
It is the purpose of this paper to report the 
results of a study designed to investigate the 
role of pulmonary vascular engorgement and 
increased pulmonary intravascular pressures in 
reducing pulmonary compliance in patients 
with abnormalities of the pulmonary circula- 
tion and in normal subjects. The results of this 
study indicate that pulmonary vascular en- 
gorgement can reduce compliance markedly in 
normal subjects and apparently can do so in 
some persons with mitral stenosis, but that 
er factors are also operative in the reduced 
ipliance of mitral stenosis and presumably 
‘ongestive heart failure in general. 


Mertuops 


bservations were made on 10 patients with 
malities of the pulmonary circulation and on 3 
nal volunteers. Seven of the patients had mitral 
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stenosis without clinical evidence of mitral insuf- 
ficiency or other valvular dysfunction. Most of these 
patients had had repeated bouts of congestive heart 
failure but none was in frank failure at the time of 
study. All were incapable of normal activity with- 
out considerable dyspnea. Subsequent to this study, 
each of these patients underwent mitral valvu- 
lotomy, which provided a direct confirmation of the 
existence of mitral stenosis without significant regur- 
gitation. One patient (N. Wk.) had idiopathic 
pulmonary hypertension. She had had exertional 
dyspnea for approximately 12 years. She was studied 
on 2 occasions, a year apart, with essentially the 
same findings, including measurements of pulmonary 
artery pressure, pulmonary function tests, and 
roentgenograms of the chest. There was no evidence 
of parenchymatous lung disease on either occasion. 
On the first study, the arterial oxygen saturation fell 
during exercise from 96.6 to 93.4 per cent, but on the 
second occasion it remained at the resting level of 
98 per cent. The remaining 2 patients, S. S. and 
D. C., had isolated pulmonic stenosis. 8. S. was 
studied on 2 occasions, 5 months apart. She was 
asymptomatic except for mild exertional dyspnea. 
This patient died after valvulotomy, and the diagno- 
sis was confirmed at autopsy. The last patient had 
typical findings of pulmonic stenosis including a 
right ventricular systolic pressure of 70 mm. Hg, 
but was asymptomatic. 

Conventional intracardiac catheterization was 
performed for measurement of pressures in the lesser 
circulation and collection of blood samples necessary 
for determining the cardiac output by the Fick 
principle.®. © Exercise was conducted with the 
patient in the supine position and consisted of 
alternate flexion and extension of the legs at as 
constant a rate as possible. Exercise was continued 
for 3 to 4 minutes and blood and gas samples were 
collected during the last minute of this period. 
Although this exercise period was too short to per- 
mit the assumption that a steady state had been 
achieved, it was long enough to allow stabilization 
of the pulmonary artery pressure at a new level. 
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Central venous pressure was measured by the 
method of Gauer, Sieker, and Henry.’ Intraeso- 
phageal pressure changes were followed by means 
of an esophageal balloon as described by Mead and 
Whittenberger.S Pulmonary air flow was measured 
by a wire screen flowmeter, and the tidal volume was 
determined by graphic integration of the flow-time 
record. The inspired volume, at approximately 25 C., 
unsaturated, was used for the calculation of com- 
pliance. Pulmonary compliance is expressed as the 
ratio of lung volume change in liters to intraeso- 
phageal pressure change in centimeters of water. The 
values of lung compliance reported in this study 
represent the average of about 10 breaths in each 
instance. Compliance measurements were made only 
when the tidal volume was between 300 and 900 ml. 
Compliance measurements designated “post ex.” 
were made immediately on cessation of exercise. 

Compliance was not measured simultaneously 
with cardiac output and intravascular pressures, but 


all measurements on a given patient were m 
within 1 to 3 days, under what appeared to be « 
parable conditions. 

All pressures were measured with Statham st) 
gages of appropriate sensitivity and recorded by 
optical recording oscillograph. Lung volumes y 
determined by conventional methods with the : 
jects seated.’ Albumin infusions consisted of 75 ( 
of human serum albumin diluted to a volume of 1: 
ml. with normal saline and given intravenously 
rate of approximately 100 ml. per minute. C 
pliance measurements were generally made \ 
the infusion was nearly completed, but: still 
ceeding. 


RESULTS 
The data from the patients with abnorm: 


ties of the pulmonary circulation are presen 
in table 1. 


TABLE 1.—Lung Compliance and Related Measurements in Patients with Abnormalities of the 
Pulmonary Circulation 


Pulmonary 
artery 
pressure, 
mean 
(mm.Hg)t 


Pulmonary 
wedge 

pressure, 
mean 

(mm.Hg) 


Surface 
area 


(M.2 


Subject, 


, Diagnosis 
age, sex 


Rest Ex. | Rest Ex. 
47 70 | 35 


28 46 


16, 

s.S. 8 
16, F. 

Db: Cc. 90 S. 7] 4.1 
23; M. 


Cardiac 
index 
(L./min./M.*) 


Func 
Vital | tional | Total 
capac- |residual | capac- 
ity capac- ity 
Supine | (L.) ity (L.) 


Lung compliance (L./cm. H2O) 


Sitting 


Rest Post ex.| Rest Post ex. 


AGB.i 148.091 


.076 .063 
147 : 101 
067 

O74 

O74 

138  .090 

070.090 

198 | .205 
.167 | .205 


.250 | .305 


* Measured at operation. At first study, 5 months earlier, right ventricular systolic pressure was 
112 mm. Hg. 

+ Pressure base line not established; figure represents difference between right atrial and pulmo- 
nary artery pressures. Right ventricular systolic pressure 70 mm. Hg. 

t Pressure base line taken as 5 cm. below fifth costochondral junction in supine position. 

MS., mitral stenosis; I.P.H., idiopathic pulmonary hypertension; P.S., pulmonic stenosis. 
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patients with mitral stenosis had consid- 

yv elevated pulmonary artery pressures at 

and substantial pressure increases during 

ise. Where the measurement was made, 

‘e pressures were also found to be elevated 

‘st and increased by exercise. Except for 

‘reduction in vital capacity, lung volumes 

not remarkable. Three patients (J. H., 

s., and D. H.) had values of lung compli- 

during rest in the supine position that are 

iin the limits found in normal subjects in 

body position.'® In the other patients with 

al stenosis the resting compliance in the 

ne position was abnormally low. The pa- 

tie:ts whose compliance was inside normal 

limits at rest showed a substantial fall in com- 

plicace after exercise; but there was little or no 

change after exercise in those patients with an 

abnormally low resting value. With comparable 

exercise, normal subjects show no significant 
decrease in compliance. 

The patient with pulmonary arterial hyper- 
tension and no evidence of lung disease had a 
low resting compliance. On exercise, there was 
arise in pulmonary artery pressure comparable 
to that of the patients with mitral stenosis. 
The compliance rose slightly after exercise, but 
the significance of this small change is doubtful. 


The patients with pulmonic stenosis had 
resting supine values of compliance higher than 
usually found in normal subjects in this posi- 
tion. After exercise, the compliance was in- 
creased on 2 occasions and unchanged in the 
third. 

Respiratory rates did not become unusually 
rapid during exercise in any of the patients. 
The maximum rate was 26 per minute. 

Table 2 presents the data obtained on normal 
subjects before and during albumin infusion. 
In the supine position, albumin infusion caused 
a considerable drop in compliance in all except 
1 instance. In a separate study this subject 
showed the usual decrease. In 2 studies meas- 
urements were also made with the subjects in 
the right lateral and prone positions before 
and during albumin infusion. In both these 
positions albumin caused a large drop in com- 
pliance. The respiratory rate did not change 
significantly during albumin infusion. 

In both normal subjects and patients with 
circulatory disorders, compliance tended to fall 
on changing from the seated to the supine posi- 
tion. In some cases, this change was large. In 
the prone and lateral recumbent positions 
compliance was about the same as in the sitting 
position. 


TaBLe 2.—Effect of Rapid Infusion of Albumin on Lung Compliance in Normal Subjects 


Body surface 


(M.2) Body position 


. B. H., 39, M. Seated 
Supine 
Seated 
ahove Supine 


1] months after 


Lung compliance 


Respiratory rates 
(L./cm. H2O) 


(breaths/min.) Increase* in 
central venous 
Albumin |Pressure (mm. Hg) 


infusion 


Albumin 


| Co : : 
Control infusion 


Control 


. 204 - 
150 103 
139 

.129 .078 


Supine with feet elevated .054 


nonths after Seated 


ove Right lateral decubitus 


Prone 


Right lateral decubitus 


Seated 

Supine 

Supine 
ve Prone 


days after 


, 24, M. 1.8 


Supine 


* Referred to the central venous pressure in the supine position, at rest, as the control level. 


| Right lateral decubitus 


184 
.194 
.179 


139 
122 
120 F 10 
. 180 . 12 
.156 eae 10 


156 113 12 
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Discussion 


In normal subjects, a substantial intravenous 
infusion, given rapidly, will cause a rise in pul- 
monary intravascular pressures of about the 
Same magnitude as the simultaneous rise in 
central venous pressure.! Presumably this is 
associated with an increase in the pulmonary 
blood volume. In the present subjects such an 
infusion caused a considerable decrease in 
pulmonary compliance, Pulmonary vascular 
engorgement has also been found to stiffen the 
lungs of experimental animals. Jt appears 
from the present data that pulmonary engorge- 
ment can reduce compliance in man, but the 
mechanism by which this effect is produced is 
not clear. 

In all the patients with mitral stenosis, exer- 
cise caused an increase in pulmonary vascular 
pressures and, it is assumed, in the degree of 
pulmonary vascular engorgement. Exercise also 
caused a decrease in compliance in those cases 
Where the resting compliance was not alr ady 
markedly reduced. Where the compliance was 
quite low at rest, exercise did not produce any 
further change. The variability in the response 
of compliance to exercise in patients with mitral 
stenosis has been noted by Saxton.‘ These find- 
ings suggest that pulmonary vascular engorge- 
ment may play a part in stiffening the lungs of 
certain patients with mitral stenosis. However 
in those cases where stiffening is most severe, it 
does not appear to Vary to a significant extent 
with changes in vascular engorgement, In such 
cases it appears likely that the reduction in 
compliance may be caused largely by the pul- 
monary fibrosis that develops in individuals 
with severe, long-standing mitral stenosis. If 
further experience supports this view, the 
measurement of pulmonary compliance and its 
response to exercise may prove useful as a 

means of assessing the extent of secondary 
pulmonary changes in patients with mitra] 
stenosis. In patients with congestive failure, it 
is probable that pulmonary edema will also 
contribute to the reduction in compliance, 

The patient with pulmonary hypertension 
had no evidence of extravascular lung disease. 
The low compliance of this patient and the 
somewhat high compliance of the patients with 


, 


pulmonic stenosis may depend upon a| \or- 
malities in the rigidity of the pulmonary 


r'te- 
rial tree resulting from hypertension in th, ne 
case and hypotension in the other. Mack and 


associates” have commented upon the pos ible 
role of high intravascular pressures in stiffe sing 
the vessels of the lung. The rigidity of the ul- 
monary arterial tree probably depends 0n 
the character of the vessel walls as well a the 
level of the intravascular pressure, 

It is not altogether clear why compli: ce 
as measured by the present method, is red 
in most subjects « 
tion. This find 
by Attinge 
number ot nu 


‘ed 
ssuming the supine } osi- 
been reported rec tly 
wagues in a consider. ble 
al subjects and patients \ jth 
‘ardiopulmonary disease.!°. 18 Jf complis ace 
were reduced in the supine position bees ise 
of the smaller resting lung volume, it mighi be 
expected to be somewhat increased by tak hg 
deep breaths. This procedure would increase 
the mean lung volume during the m -asurement 
of compliance. However, in trials with 2 normal 
subjects who showed the usual fall in compli- 
ance on changing from the sitting to the supine 
position, the supine compliance was not altered 
by varying the tidal volume between 500 and 
1500 ml. It does not appear likely that the re- 
duction in compliance can be related entirely 
to an increase in intrapulmonary blood volume 
on lying down because the compliance increases 
markedly again on shifting to the lateral or 
prone positions. The low compliance in the 
supine position may be in part an artifact 
caused by pressure of the overlying mediasti- 
num on the esophagus. If inspiration tended 
to lift some of this pressure from the esophagus, 
as well as to reduce intrapleural pressure in 
general, there would be an unduly great intra- 
esophageal pressure change for a given tidal 
volume. Such an artifact would preclude co- 
paring compliances in the supine position with 
those measured in other body positions, but 
should not preclude comparing compliance: 
that were all measured in the same body posi- 
tion. It is evident from table 2 that pulmona: y 
vascular engorgement will reduce complian.e 
in the lateral and prone positions as well as 1 
the supine position. 
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SUMMARY 


easurements were made of the pulmonary 
pliance of patients with mitral stenosis at 
and during exercise in the supine position. 
reise caused a substantial increase in pul- 
ary vascular pressures in these patients 
a considerable reduction of compliance, 
‘pt in those cases where compliance was 
ady low at rest. Where the resting com- 
ince was low, it was substantially unchanged 
exercise. In normal subjects, rapid infusions 
(000 ml. of human serum albumin solution 
saline produced a considerable reduction in 
ipliance. It is concluded that pulmonary 
cular engorgement can reduce compliance 
rkedly in normal subjects and can appar- 
elily do so in some persons with mitral stenosis, 
but that other factors are also operative in the 
compliance reduction of mitral stenosis. 


SUMMARIO IN INTERLINGUA 


Ksseva effectuate mesurationes del accom- 
modabilitate del pulmones in patientes con 
stenosis mitral in stato de reposo e de exercitio 
in position dorso-decubital. Le exercitio cau- 
sava un augmento considerabile del pressiones 
pulmono-vascular in iste patientes e simul- 
taneemente un considerabile reduction del 
accommodabilitate, excepte in le casos in que 
le aceommodabilitate habeva jam basse valores 
in stato de reposo. Quando le accommodabili- 
tate in stato de reposo esseva basse, illo re- 
maneva plus 0 minus incambiate sub le in- 
fluentia del exercitio. In subjectos normal, le 
infusion rapide de 1.000 ml de un solution salin 
de human albumina seral evocava un con- 
silerabile reduction del accommodabilitate 
p!!monar. Le datos permitte le conclusion que 
le congestionamento del vasos pulmonar pote 

lucer le aecommodabilitate del pulmones a 

dos mareate in subjectos normal. Le mesmo 

ver in certe personas con stenosis mitral, 

' altere factores es co-active in effectuar le 

uction del accommodabilitate pulmonar in 

nosis mitral. 
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Knowledge of the Circulation Before William Harve. 


By ARNoLp M. Katz, M.D. 


UR present understanding of the function 

of the circulatory system began to emerge 
from the confusion of ancient writings scarcely 
300 vears ago. Yet thousands of years before, 
man had wondered about the pulsations of the 
heart and blood vessels. The records of many 
of these speculations have been preserved and, 
though often fragmentary and distorted in 
translation, they tell the story of one of the 
first discoveries in the science of physiology. 
Some of the conceptions of the cardiovascular 
system held before Harvey’s clear formulation 
of the circulation of the blood in 1628 are pre- 
sented here, and the environment. that 
moted the growth of these 
considered. 


pro- 
sarlier ideas is 


The first explanations of natural phenomena 
were based on supernatural forces, and the 
mysteries of the body were understood in terms 
of the greater mysteries of the gods. Since the 
questions raised in primitive societies, both 
ancient and contemporary, found a_ ready 
answer in mythology, there was little incentive 
for investigation into the workings of the body. 

The dependence of scientific thought upon 
the cultural environment can be seen in the 
writings of ancient Egypt and Mesopotamia. 
Unlike. the records of the contemporary Meso- 
potamians, the papyri of Egypt are surpris- 
ingly free of references to magic and gods, 
and represent an attempt to understand the 
functions and illnesses of the body in natural 
rather than supernatural terms. This secular 
attitude reflected the position of the physician 
in ancient Egypt, for though the Egyptian 
physician received the privileges and titles of 
the priesthood as did his Mesopotamian coun- 
terpart, he was able to remain quite inde- 
pendent of the great temples. Even the admin- 
istration of the Egyptian medical schools was 
often in the hands of physicians rather than 
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priests. As a result, Egyptian medicine de. ||- 
oped in the shelter of the priesthood with: it 
being subverted by the mystical and demo a- 
cal beliefs that dominated the medicine of | \« 
Mesopotamians. 

The earliest known reference to the he 
and circulation is in the Edwin Smith papyr 
transcribed in the seventeenth century B.( ., 
but based on observations recorded as lo g 
ago as 3000 B.C. Here is found the stateme: 
“Now if... any physician put his hands or })'s 
fingers upon the head, upon the two hands, 
upon the pulse, upon the two feet he measures 
the heart because its vessels are in the back 
of the head and in the pulse; and because i{s 
pulsation is in every vessel of every member 
As Dr. Breasted pointed out, ‘‘[The writer] . 
was already aware that the heart was the 
center and the pumping force of a system of 
distributing vessels.’” However, this passage 
does not reveal the true deficiency of knowledge 
in ancient Egypt for in the Ebers papyrus, de- 
rived from the same sources as the Edwin Smith 
papyrus, there are such statements as: “There 
are four vessels to the nostrils, two of which 
convey mucous and two blood” and ‘There 
are four vessels to the liver which convey to it 
moisture and air.’® Thus it is clear that Egyp- 
tian medicine contained only the beginnings 
of our modern concept of the circulation. 

The principles of Egyptian medicine pro- 
vided the foundation for the medical science of 
ancient Greece. Here elaboration of ideas con- 
tinued in the tradition of the ancient Egyptians 
with careful in the search for 
natural causation. This, coupled with the re- 
jection of superstition and dogma, enable< 
Hellenic medicine to become a model of scie 
tific thinking. Castiglioni attributes this 
“the critical but speculative Greek mentali 
and the political and religious life of tl! 
Greeks.” “In Greece,” he continues, “the 


observation 


was never a closed priestly caste; religion w. * 
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tical myth, never a political edifice and it 
‘dominated critical thought. Ideas there- 
could develop freely, contradictions with 
liscussions of the most venerable traditions 
| flourish; culture, without established 
daries or dogmatic laws, offered to the 
ks assistance to their imagination un- 
red by the fear of punishment.’’* The re- 
a of Aesculapius with its magical attempts 
‘aling did not obstruct the development of 
dical science, though the extent to which it 
ely furthered scientific medicine is not 
eck». The great medical schools of Cos and 
Cnidus were located near temples of Aescula- 
pil, though the teachers at these schools were 
lay physicians rather than priests. Here, as in 
ancient Egypt, a lay science flourished in the 
shadow of a religious cult. 

Unfortunately, the finest of Greek thinking 
was not revealed in their conceptions of the 
workings of the body. Although advances were 
made in descriptive anatomy, an accurate gross 
anatomic picture of the heart and blood vessels 
was not brought forward and there was little 
insight into the functions of the cardiovascular 
system. Elaborate formulations of the vital 
functions from the various schools of philoso- 
phy were applied to physiology with little or 
no experimental basis, and the resulting con- 
fusion persisted over 2,000 years. 

Medical thinking felt the impact of the 
Greek philosophers as long ago as the fifth 
century B.C. Rejecting the theory of Thales of 
Miletus that water is the essence of all things 
and Anaximander’s proposition that man is 
the admixture of earth and water, the philoso- 
phers of the Pythagorean school believed that 
living beings were composed of 4 elements, 

h of which had its corresponding quality. 

elements were the familiar Air, Fire, 
ter, and Earth and the corresponding quali- 

s were Cold, Hot, Moist, and Dry. From 

se were derived the 4 humors of the body: 

od, which is hot and moist; Yellow Bile, 
ich is hot and dry; Black Bile, which is cold 
| dry; and Phlegm, which is cold and moist. 

e idea that health is the state of the body 

en the 4 humors are in harmony and that 

ease results from the excess or deficiency of 

f these humors can be traced to the writings 


of these philosophers of the fifth century B.C. 
This concept was the rationale for bleeding 
and expurgation to restore the balance of the 
body’s humors, and provided the foundation of 
medical thinking until the ascendancy of the 
morphologists of the nineteenth century. 

The hundred years before Hippocrates saw 
many attempts to link the functions of the 
body to specific organs. Alemaeon of Croton 
(ca. 500 B.C.), though primarily a philosopher, 
was one of the first to practice human dissection 
and animal experimentation in Greece. He 
proposed that the brain and not, as had pre- 
viously been believed, the heart was the center 
of the intellect, and that the life of the animal 
depended on the movement of the blood. About 
50 years later Empedocles of Agrigentum re- 
turned to the doctrine that the heart, or the 
blood around it, was the seat of consciousness. 
He believed that breathing took place through 
the pores of the body as well as the lungs and 
that to and from the heart there were a flow 
and reflux of blood by which a pnewma, or vital 
spirit, was carried through the body. Diogenes 
of Appolonia elaborated Empedocles’ idea of 
the movement of the pnewma, which he con- 
sidered to be a special form of air circulating 
as the vehicle of sensory perception and giving 
rise to pleasure. Diogenes was familiar with the 
pulse and probably performed human dissee- 
tion, though his description of the blood vessels 
was confused and he failed to recognize the 
origin of these vessels from the heart.’ These 
writers concentrated more on philosophy than 
on medicine and often attempted to grasp the 
whole before understanding its parts. 

The works attributed to Hippocrates repre- 
sent the high point of Greek medicine. While 
rich in clinical material these writings have 
surprisingly few speculations about the nature 
of man and the workings of his body. Hippoc- 
rates, who considered himself a physician 
rather than a philosopher, wrote: ‘certain 
sophists and physicians say that it is not pos- 
sible for anyone to know medicine who does 
not know what man is... . But I think what- 
ever such has been said or written by sophist 
or physician concerning nature has less con- 
nection with the art of medicine than with the 
art of painting. And I think that one cannot 































































































































































































































































know anything certain respecting nature from 
any other quarter than medicine.’’® In his few 
writings about physiology, Hippocrates sub- 
scribed to the theory of the 4 humors and be- 
lieved that the brain rather than the heart was 
the center of intelligence. Neuburger wrote of 
the Hippocratic concept of the cardiovascular 
system: “The circulatory system is described 
...in a most confused manner. The starting 
point was first supposed to be the head, later 
the aorta and vena cava, which were thought 
to spring from the spleen and liver. The word 
oreBes signified ...[veins]. aprnpin in the 
first instance meant the trachea and bronchi; 
later the arteries, principally or exclusively 
containing air. The best known were the large 
and superficial ones, but their ramifications 
are, for the most part, fantastically described. 
In the description of the heart* mention is made 
of the pericardium, the auricle, the septum, 
the ventricles, the semilunar valves (including 
their action as valves) and the chordae tendi- 
neae. Both ventricles communicate, the left 
being nourished from the best portion of the 
blood of the right.’’® Thus the few physiologic 
writings of Hippocrates do not show the insight 
that is found in his clinical observations. 

Aristotle was responsible for the most im- 
portant advances in physiology made by the 
ancient Greeks. Unlike Socrates and Plato, who 
added some discussion but little factual mate- 
rial to the science of physiology, Aristotle 
performed experiments and dissections (usually 
on animals). In addition, he assembled the 
observations available from the writings of the 
entire western world, which was then being 
unified under his patron and pupil, Alexander 
the Great. 

Although the writings of Aristotle available 
today are often notes for, or from, lectures and 
have been transmitted to us through many 
translations, they contain a wealth of knowl- 
edge. Aristotle’s contributions to the under- 
standing of the circulation covered the fields 
of embryology, anatomy, and physiology. He 
wrote of the chick embryo that ‘its heart is 


* From the time of Galen the work referred to 
here has not been considered to be a genuine work of 
Hippocrates but rather a later work attributed to 
him. 
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seen in motion as though it were a living ¢ °ea- 
ture...it being the starting point of treir 
nature in all animals that have blood.’” He 
believed the heart had 3 chambers, writ ng: 
“All hearts contain chambers. ...The lar -est 
chamber is on the right and highest up, the 
smallest on the left, that which is intermec ate 


in size is between the two... the vena « iva 
is attached to the largest chamber, that w ich 
is uppermost and on the right ...the a rta 


springs from the middle chamber.’* ‘he 
basis for this concept of the anatomy of 
the heart is not known with certainty; G: jen 
believed that Aristotle’s middle chamber as 
the outflow tract of the right ventricle w iile 
Vesalius believed it to be the vestibule of ‘he 
aorta. It seems most likely that Aristotle «as 
describing 3 of the 4chambers of the mamma. ian 
heart, the right atrium having been considered 
to be a part of the venae cavae, with the middle 
chamber the left ventricle, lying between the 
right ventricle and left atrium and giving rise 
to the aorta. Aristotle also described vessels 
connecting the lungs to the heart, one going to 
the right chamber (the right ventricle) the 
other} to the left chamber (the left atrium). 
Believing these vessels carried air, he had no 
conception of a pulmonary circulation and 
thought that air was mixed with blood in the 
heart. He recognized and differentiated struc- 
turally the vena cava and aorta and wrote of 
the peripheral vasculature: “As the blood 
vessels advance, they become gradually smaller 
and smaller until at last their tubes are too 
fine to admit the blood. This fluid can therefore 
no longer find its way through them, though 
they still give passage to the humor which we 
‘all sweat, and especially so when the body is 
heated, and the mouths of the small vessels are 
dilated.’”” The heart to Aristotle occupied a 
primary position in the body’s function. !le 
wrote: ‘For the motions of the body commence 
from the heart and are brought about by ['‘s| 
traction and relaxation. The heart... is as it 
were a living creature inside its possessor.” 
He thus returned to the proposition that ‘ie 
heart is the seat of intelligence and believed 1 ie 
brain existed to cool the heart. 


+ It is the rule in ancient writings for the puli 
nary veins to be described as a single vessel. 
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ter the death of Alexander the Great in 
3.C. the intellectual primacy of the ancient 
d moved from the mainland of Greece. The 
sion of the Macedonian Empire resulted 
vil wars, which, coupled with the changes 
he structure of Hellenic society and com- 
‘e following the expansion to the east, 
ight about a rapid decline in the importance 
1e Greek city-states. The city of Alexandria, 
ted by Alexander on the Nile delta, became 
i time the center of medical science, possess- 
a great museum and probably the finest 
ry of the ancient world. Under the en- 
tened reigns of the early Ptolemys, study 
an teaching were encouraged and Alexandria 
became a melting-pot for the ideas of physicians 
of many nations. 
(he writings of Herophilus and Erasistratus, 
leaders of Alexandrian medicine in the third 
century B.C., were the basis for much that was 
to be written hundreds of years later in Rome. 
Herophilus was, according to Galen, the first 
to publicly dissect the human body. He differ- 
entiated arteries from veins on the basis of 
the thickness of their walls and he counted 
the pulsations of the arteries, though he prob- 
ably regarded pulsation as an active property 
of the arteries themselves. Herophilus sub- 
scribed to the theory of the 4 humors and con- 
sidered the brain to be the seat of intelligence, 
the heart serving to warm the blood. Erasistra- 
tus, a younger contemporary of Herophilus, 
broke with the humoral school of causation of 
disease and looked instead to the organs of the 
body for the sources of illness. In his description 
of the cardiovascular system, Erasistratus 
wrote that the right ventricle contained blood 
that was made in the liver and the left ventricle 
reccived from the pulmonary veins the vital 
spirit, a pneuma derived from the inspired air. 
Du-ing cardiac systole these substances were 
eje ted from their respective ventricles into 
the great veins and aorta to be carried to all 
pa’ s of the body. Erasistratus described the 
va es of the heart and recognized their func- 
io . He thought a second kind of pneuma, the 
ial spirit, was formed in the ventricles of 
brain from the vital spirit and carried 
ughout the body by hollow nerves. Erasis- 
is did not significantly advance the ancient 


concept of the circulation, but in rejecting the 
humoral theory of disease for one based on 
organic malfunction he is often regarded as 
the Father of Physiology. 

The decline of Alexandrian medicine followed 
this single generation of investigators. There 
arose a ‘Rational’? School of medicine, which, 
by reasoning from the principles laid down by 
Hippocrates, attempted to explain all medical 
problems. In reaction to this, an ‘“‘Empiric”’ 
School was founded in Alexandria which 
pointed out the clinical uselessness of the specu- 
lations of the philosopher-physiologists and 
held that attempts to understand natural fune- 
tions were useless. The attack on the philo- 
sophic approach to the problems of physiology 
was not without justification, but it effectively 
blocked the further study of physiology and 
sounded the death knell of Greek medicine. 

The next chapter in the history of medicine 
was written in Rome. Like the medicine of all 
civilizations, Roman medicine began in my- 
thology, and while physicians are occasionally 
mentioned in the writings of Rome from the 
fourth century B.C., the Romans did not go on 
to develop a medical profession of their own. 

With the conquest of Greece in the second 
century B.C. Roman medicine came io feel the 
strong influence of the Greek physicians. At 
first the Romans resisted the influence of the 
adventurous Greek physicians who moved into 
Rome with their foreign ideas. Cato, in the 
third century B.C. wrote: ‘The Greeks are a 
hard and perverse race. Believe me when I tell 
you that each time this nation brings us some 
new knowledge it will corrupt Rome; but it will 
be worse if it sends us its physicians; they have 
sworn to kill all the barbarians by means of 
drugs and they call the Romans barbarians.’’ 
In spite of this warning the Greeks came to 
dominate Roman medicine. However, medicine 
did not flourish in Rome as it had in Greece, a 
fact that Neuburger attributed to ‘a constant 
succession of wars [which] stifled scientific in- 
terest, the whole energy, the whole intellect of 
the worker being devoted to a single idea—the 
good of the state, the growth of power.’’® 
Roman medicine is more noted for its encyclo- 
pedic compilations and practical accomplish- 
ments such as the aqueducts and Cloaca 
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Maxima than for theoretical propositions like 
those of the imaginative medicine of Greece. 

Little was added by the early Romans to the 
Greek ideas about the circulation. Asclepiades, 
born in Greece in the first century B.C., was 
the most noteworthy physician of this period. 
Using the atomic theory of the Epicureans then 
in vogue, he attempted to explain the workings 
of the body by the movements of countless par- 
ticles through tubular spaces formed by other 
particles, different attributes of the organism 
being represented by different types of parti- 
cles. Though a good clinical observer, Asclepia- 
des did not apply the empiric method to 
physiology. 

The medical writings of the first century A.D. 
were dominated by the works of 2 great ency- 
clopedists, Pliny and Celsus. Neither was a 
physician, and the writings of both covered 
fields other than medicine in an attempt to 
organize all the knowledge recorded at the time. 
Pliny said of his works: “|They are written] to 
give a general description of everything that is 
known to exist throughout the earth.’ Of the 
2, Pliny was the least scientific; his Natural 
History was an unselected collection of fact and 
fable that has been called a lasting monument 
to Roman ignorance. Celsus, on the other hand, 
showed a good deal of insight and advocated 
human dissection and the use of observation, 
rather than a priori speculation, to form medi- 
cal theory. Unfortunately the works of Celsus 
were not discovered until 1478, and it was 
Pliny, the “voluminous, industrious, unphilo- 
sophical, gullible, unsystematic old gossip’! 
who influenced the thinking of the early middle 
ages. 

The writings of Aretaeus of Cappadocia, a 
contemporary of Pliny and Celsus, show the 
continued dominance by the Greeks of Roman 
thought. He regarded the heart as the source 
of heat and the “‘origin of life and respiration,’’? 
but gave no indication that he understood the 
relationship of the heartbeat to the movement 
of the blood. Like other ancient physicians his 
comments about physiology were not worthy 
of his clinical acuity. 

The final chapter in ancient medicine was 
written at the end of the second century A.D. 
when Rome was at the height of her power. 


Wars were fought on the frontiers of the Empire 
far from the Imperial City where industry and 
commerce flourished. The resources of the 
western world were at the disposal of the \n- 
tonine emperors whose enlightened govern: ent 
actively furthered the development of art ind 
science. This was the Golden Age of Ron ». 
Into this environment came Clariss jus 
Galen whose writings were to dominate we: ern 
medical thought for over a thousand year: He 
was born in a Greek city in Asia Minor in 130 
A.D., and after 11 years of study in G eek 
schools and in Alexandria he became phys ‘ian 
to Marcus Aurelius. Under the patronay — of 
this enlightened emperor, Galen found the 
opportunity to study, and he wrote over {50 
books on medicine containing almost 4 milion 
words. In his writings on physiology G ‘Jen 
tried to bring order out of the chaos of obse: va- 
tions and theories of the ancient writers. He 
believed that no part of the body was made in 
vain, that each organ had a function to wiich 
it was perfectly adapted and that he, Galen, 
could uncover and describe the purpose of every 
structure in the body. Though destined to 
failure by the nature of his objective, his work 
reveals much intelligent observation in addition 
to a critical evaluation of past writings. 
Galen’s experiments resolved 2 of the miscon- 
ceptions of the past. By opening an artery 
between 2 ligatures tied while the animal was 
living Galen proved that the arteries carried 
blood and not air. He also showed that the 
nervous system and not the heart was associ- 
ated with sensation when he silenced a squeal- 
ing pig by cutting its recurrent laryngeal nerve. 
Since the Galenic conception of the circula- 
tion was an attempt to bring order out of the 
many conflicting observations and ideas of the 
past, his concept became as complex as it was 
imaginary. Some believe Galen knew the im- 
portance of the pulmonary circulation," " 
while others regard his ideas as little advanced 
over the ancient theories that he had tried to 
correlate. The truth probably lies between 
these points of view. An outline of Ga'en’s 
circulation, compiled from several translat'ons, 
is presented here. 
The essence of life, according to Gale \, is 
in the pnewma. The function of the blood ve sels 
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nerves is to transport the natural precur- 
of the pneuma to the places of its formation 
to distribute the final products throughout 
body. The 3 final forms of pnewma are: 
ital spirit derived by the lungs from air, the 
nal spirit formed from the vital spirit in the 
n, and the natural spirit, the nutritive mate- 
made in the liver. The movements of these 
stances are described in the following 
iner: The liver forms the blood from chyle 
br ught to it from the alimentary tract via the 
po’tal vein, and the liver adds the natural 
sp.rit to this blood. The resulting mixture is 
then carried to the entire body by way of the 
yeous system, the movement being an ebb 
and flow rather than continuous. One major 
branch of the venous system is the right heart 
from which this nutritious blood can leave by 
| of 3 pathways. Most of the blood goes into 
the pulmonary artery from which it enters the 
lung to have impurities removed and exhaled. 
This purified blood then can return and re-enter 
the right heart where it passes through the 
veins to the periphery.* Finally, some of the 
blood leaves the right heart to enter the left 
ventricle through tiny pores in the interven- 
tricular septum. Meanwhile, the lungs and 
pleura have separated the vital spirit from the 
inspired air. This pnewma travels to the left 
ventricle by way of the pulmonary vein and 
mixes with a small fraction of blood coming to 
the pulmonary vein from the pulmonary artery 
after percolating through the lungs. Galen 
pointed out that this flow through the lungs is 
dependent on a competent pulmonary valve. 
The left ventricle thus receives blood contain- 
ing the natural spirit through the septum and 
blood with the vital sprit from the pulmonary 
veiis. When the heart contracts this mixture 
is ‘oreed out of the left ventricle through the 
ic valve and is carried to all parts of the 
v by the arteries. The brain receives some 
he arterial blood in a rete mirabilis (an 
rial plexus at the base of the brain seen in 
e animals). Here the vital spirit is removed 
made into the animal spirit, which is stored 
he cerebral ventricles later to pass down 
cerebral aqueduct, through the fourth 


ralen did not recognize the function of the tri- 
d valve and here ignores the pulmonary valve. 


ventricle to be distributed to the body by 
hollow nerves. Thus, through an ebb and flow 
in the great veins, with the passage of blood 
through the interventricular septum, and with 
the movement of fluid down the nerves, Galen 
transports the pnewma about the body. His 
description of the pulmonary circulation, of 
cardiac ejection during systole and of the func- 
tion of the semilunar valves seems lost in a mass 
of unscientific conjecture. 

The Roman Empire after the death of Mar- 
cus Aurelius in 180 A.D. was torn by war and 
internal strife. In addition to political disorders 
within the Empire and inroads of barbarians 
from without, natural forces were taking their 
toll of imperial glory. There were floods and 
earthquakes, and repeated epidemics decimated 
the cities. The inability of the science of the 
time either to cope with or to explain these 
terrible happenings led the people to turn away 
from the established systems of knowledge to 
more primitive explanations. Scientific explo- 
ration ceased and the questions raised in west- 
ern civilization found their answers, as they 
had thousands of years before, in the workings 
of a God. The rise of Christianity marked the 
end of the ancient schools of science. These lat- 
ter were not abolished by Christianity; they 
were assimilated into it. Christ beeame the God 
of healing and the medical traditions of the 
ancients became part of the Church. The writ- 
ings of Greek and Roman physicians were 
hidden in monasteries where they were slowly 
and laboriously copied, traveling but little 
from place to place. 

During this early medieval period the center 
of medical science moved to the Eastern Ro- 
man Empire. From the fourth to seventh cen- 
turies of the Christian Era the most important 
medical works were written in Constantinople 
and were compilations of ancient writings with 
little of note added to the understanding of 
the functions of the cardiovascular system. 

Arabian medicine enjoyed a period of ascend- 
ency from the time of the conquests of Mo- 
hammad in the seventh century to the thir- 
teenth century when the decline of Arabian 
culture accompanied the disruption of the 
world of Islam by wars. Like their Byzantine 
predecessors, the Arabian physicians devoted 





most of their energies to copying and comment- 
ing on ancient texts, a task that resulted in the 
preservation of many of the classical writings. 
There was little experimentation and almost 
no dissection. In the thirteenth century, how- 
ever, a physician of Damascus, Ibn Nafis 
denied the possibility of blood passing through 
the interventricular septum and said instead: 
“Blood passes in the [pulmonary artery] to the 
lung to permeate its substance and mingle with 
the air...and then passes in the [pulmonary 


vein] to reach the left cavity of the .. . heart.’ 
This gifted Arabian physician had no concep- 


tion of a systemic circulation and his descrip- 
tion of the pulmonary circulation was lost and 
did not contribute to the work that came after 
him. 

The present era of experimental science be- 
gan in the European universities founded in 
the tenth through thirteenth centuries. These 
were started by groups of interested young 
men who hired scholars to dispute before them. 
Later the Church sanctioned the degrees given 
to the students, and in so doing gave prestige 
to the universities at the same time it was able 
to regulate their teachings. When the practice 
of medicine was forbidden to the clergy in the 
twelfth and thirteenth centuries, these univer- 
sities became the center of a new medical 
culture. 

Like the city of Alexandria a thousand years 
before, the school at Salerno became a cross- 
roads of medical culture. Latins, Greeks, Mo- 
hammedans, and Jews studied and taught here 
and the writings of the ancient world were 
carried in from European monasteries and the 
Mohammedan countries. Anatomic studies 
began with the annual dissection of a pig over 
which were read the misconceptions of the 
past.!® Mention of human dissection began to 
appear quietly in the writings from the univer- 
sities of the late thirteenth and early four- 
teenth centuries. The early anatomists were 
more influenced by past writings than the dis- 
sections they witnessed and it is not surprising 
to find them pictured sitting at least 6 feet 
from the cadaver that was being dissected by a 
servant. However, these humble dissections, 
with their very limited use of the observational 


732 SPECIAL ARTICLE 


method, can be considered to contain the be. in- 
nings of our scientific medicine. 

Mondino of Luzzi published a manual 
human dissection in 1316 at Padua. He 
scribed a 3-chambered heart consisting of r 
ventricle, left ventricle, and small cavitie 
the septum through which passed blood moy ng 
from right to left. Henri de Mondeville, a « )n- 
temporary of Mondino at the medical schox 
Montpellier, also described a third venti 
within the septum and his description of he 
movements of the blood was clearly based on 
the writings of Aristotle and Galen. 

This state of ignorance could not survive 
advent of careful and thoughtful dissect 
The last major barrier to anatomic study 
removed about 1480 by a bull of Pope Sixtus [V 
sanctioning human dissection. In the sixtee:th 
century the distribution of medical texts using 
movable type and printed illustrations fur- 
thered the search for knowledge. The number of 
anatomists increased, many parts of the body 
were accurately described for the first time, and 
the foundations for a new science were being 
built. 

Andreas Vesalius took up these beginnings 
when he published De Humanis Corporis Fa- 
brica in 1543. The impact of this book on anat- 
omy is so familiar as to need no further elabo- 
ration. In the field of physiology Vesalius was 
skeptical of Galen’s teachings about the circu- 
lation, writing: “I do not see how even the 
smallest amount of blood could pass from the 
right ventricle to the left through the sep- 
tum.’* However, Vesalius did not advance a 
theory of his own and did not upset Galenic 
physiology as he had Galen’s anatomy. 

With the disruption of a part of Galenic 
dogma the remainder of the ancient ideas he- 
came vulnerable to new teachings. Many phiy- 
sicians advanced the knowledge about the 
circulatory system, each adding to the work, 
gaining more and more insight into the true 
nature of the movements of the blood. It is : ot 
surprising that at least 6 men have been 
credited with the discovery of the circulatio) .\’ 

Michael Servetus described the pulmon: ry 
circulation in a theological book published in 
1553. He wrote that blood reaches the | ft 
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he: | from the right “‘not...through the 
sey) um...but...from the pulmonary ar- 
te. to the pulmonary vein by a lengthened 
pa age through the lungs.’® Of this passage 
th. ugh the lungs he wrote: ‘The blood must 
_. oe poured in such large measure .. . from 
th heart to the lungs for another purpose than 
he nourishment of these organs. Moreover, 

not simply air, but air mingled with blood 

is returned to the heart by the pulmonary 

..”” Servetus did not extend the concept of 

circulation of the blood to the systemic 
ve sels and his writings were lost for almost 150 
ye.rs after his books were burned for theo- 
logical reasons. 

tealdo Colombo wrote an accurate descrip- 
tion of the pulmonary circulation in Italy 6 
years after Servetus’ publication. There is 
little doubt that this was an independent dis- 
covery. Colombo also described the actions of 
the 4 valves of the heart in directing the flow 
of blood, but in attributing to the veins the 
function of carrying nutritive blood to the 
periphery he fell into the trap of Galenism. 

l'abricius of Aquapendenti was the first to 
describe the functions of the valves in the veins. 
Although he recognized that venous blood 
could move in only 1 direction, he held to the 
ancient theory of an ebb and flow in the ar- 
teries. This sixteenth-century physician was a 
teacher of William Harvey and the latter’s 
drawings of the venous valves are strikingly 
similar to ones prepared by Fabricius. 

\ndrea Cesalpino, of all of Harvey’s prede- 
cessors, Was the most deserving of credit for the 
discovery of the circulation of the blood.'® In 
1593 this Italian wrote: “...from the vena 
cava a flow takes place into the right ventricle, 
wl ence the way is open into the lung. From the 
lug, moreover, there is another entrance into 

left ventricle of the heart, from which then 
ay is open into the aorta, certain mem- 
ies being so placed at the mouths of the 
els that they prevent return. Thus there is 
rt of a perpetual movement through the 
rt and lungs into the aorta.” If he had 
sped here, this account would be ended, for 
is indeed a description of the circulation 
ugh the heart and lungs. However, Cesal- 


pino’s final word on this subject was published 
in 1606, 3 years after his death. As if reluctant 
to give up the ancient idea of an ebb and flow 
of blood, he wrote that blood leaves the heart 
by way of the aorta and pulmonary artery, and 
by way of the vena cava and pulmonary 
vein.! 

Three others who have been honored for the 
discovery of the circulation are Carlo Ruini, an 
Italian, Francois Rabelais of France, and 
Bernardino Montafia de Monserrate, a Span- 
iard. There is, however, little good evidence to 
support the claims that these men accurately 
described the circulatory system. 

As with anatomy before Vesalius, the physi- 
ology of the circulatory system was awaiting a 
gifted observer to fit together the many exist- 
ing fragments of knowledge to arrive at a new 
concept. Such a man was William Harvey. 
Harvey gathered for his theory the anatomic 
knowledge of the heart and great vessels, the 
idea that the heart is a muscular pump, knowl- 
edge of the functions of the cardiac valves, the 
observation that venous blood is permitted to 
flow only toward the heart by the venous 
valves, the concept of the pulmonary circula- 
tion, and the earlier suggestions of a systemic 
circulation. To these he added one of the first 
mathematical proofs in the history of physi- 
ology, the calculation that the quantity of 
blood ejected by the heart is far greater than 
could be formed from the ingested food. From 
the synthesis of all these ideas, this chapter of 
medical history ends with Harvey’s positive 
statement: ‘“‘...it is absolutely necessary to 
conclude that the biood in the animal body is 
impelled in a circle, and is in a state of ceaseless 
motion; that this is the act or function which 
the heart performs by means of the pulse; and 
that it is the sole and only end of the motion 
and contraction of the heart.’° 
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The authors showed previously that in the period 1949-52 the “sudden death” rate and ‘“‘three- 


month mortality” rate from coronary artery disease was twice as great in the drivers of London 
buses as in the male conductors. It was suggested that physical activity accounted for the difference. 
It was evident to the authors, however, that a difference in physique of persons who become con- 
ductors or drivers might be responsible. They conceived checking on this possibility by analysis 
of the records of trouser waist line and jacket breast measurements, data readily available from 
the department that issues uniforms to the men. For all age groups, the percentage with trouser 
waist of 36 in. or more and jacket breast of 40 in. or more was consistently greater in the group of 
drivers. The average height of drivers was greater, partly because a maximal height was pre- 
scribed for conductors. In both occupations girth increased progressively with age. The data 
indicate that the differences in the physiques of the 2 groups are constitutional and that the men 
brought the differences with them to their job. Other considerations are discussed. 
McKvusick 
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Cardiovascular Disturbances in Poliomyelitis 


By Louis WetnstEIn, Px.D., M.D. 


FECTION by the virus of poliomyelitis is 
iot limited to the anterior horn cells. Clini- 
bservation and anatomic study have indi- 
d that more extensive involvement of the 
vous system is not infrequent. Lesions of the 
‘entral gyrus, the reticular formation in the 
lulla, the roof nuclei and vermis of the 
‘ercbellum, the posterior columns of the spinal 
|, Auerbach’s and Meissner’s plexi, and the 
sympathetic ganglia have been demonstrated 
and, in many instances, related to specific syn- 
dromes. That invasion by the virus is not even 
limited to nervous tissues is suggested by re- 
covery of the agent from the blood, the myo- 
cardium, and from lymph nodes. Thus, from 
the standpoint of viral dissemination and 
extent of tissue alteration, poliomyelitis is a 
diffuse disease. Study of large numbers of pa- 
tients with poliomyelitis, particularly adults, 
reveals that the clinical manifestations may also 
be manifold, and not limited to mere loss of 
muscle power. Dysfunction of organs other 
than the nervous system is relatively common; 
in many instances it is secondary to damage of 
neural structures, in some it may result from 
direct viral invasion or secondary bacterial in- 
fection, and in others more than one mech- 
alsm may be responsible. The situations that 
threaten life in poliomyelitis most seriously 
' are the most difficult to control arise not 
equently from such involvement. Thus, 
mdary bacterial invasion of the broncho- 
monary tissues in the “respirator patient,” 
te ulcerations of the gastrointestinal tract 
1 hemorrhage or perforation, infection of 
urinary tract, or a variety of cardiovascular 
a’ iormalities may terminate life in individuals 
i! vhom muscle paralysis, although of extensive 





rom the Haynes Memorial and Evans Memorial 
0! he Massachusetts Memorial Hospitals, and the 
D cartment of Medicine, Boston University School 
0: ‘ledicine, Boston, Mass. 


degree, readily lends itself to effective manage- 
ment. 

One of the systems that may become seri- 
ously involved in poliomyelitis, especially 
during the acute phase, is the cardiovascular 
apparatus. A variety of disturbances of the 
heart and vascular tree have been described 
and are not uncommon, particularly in adults. 
In some instances these phenomena are of only 
transient importance in the early stages of the 
disease, in others they are either directly re- 
sponsible for or contribute greatly to a fatal 
termination and, in still others, they may per- 
sist late into the convalescent period. The 
purpose of this paper is to review the cardio- 
vascular abnormalities that have been observed 
in poliomyelitis, to discuss the mechanisms to 
which they are thought to be attributable, to 
point out their importance in determining the 
clinical course of the disease and measures that 
may be useful in their prevention and therapy, 
and to suggest lines for further investigation. 


MyocarpItTIs 
Anatomic Observations 


The first description of the anatomic changes 
occurring in the heart in poliomyelitis is that of 
Robertson and Chesley,! who recorded the 
presence of edema of myocardial fibers, pallor 
and softness of the myocardium, and sub- 
endocardial petechial hemorrhages. Although 
the presence of cyanosis, rapid pulse, and ar- 
rhythmias had been commented upon and at- 
tributed to cardiac involvement by many 
students of the disease, it remained for Saphir 
and Wile? to emphasize myocarditis as a com- 
mon feature. In 6 of 7 patients studied by 
these investigators, the heart was noted to be 
slightly dilated, and the myocardium “flabby.” 
In instances in which inflammatory changes 
were slight, there was dilatation of the capillary 
vessels, which were filled with neutrophils, as 


Circulation, Volume XV, May 1957 





736 CLINICAL PROGRESS 


well as perivascular infiltration with lvmpho- 
cytes and polymorphonuclear leukocytes. When 
the alterations were of moderate degree, the 
same abnormalities were noted, but the inflam- 
matory cells infiltrated the interstitial spaces, 
and the myocardial fibers showed a varying 
degree of cloudy swelling. In the most severe 
myocarditis the principal infiltrating cells 
were mononuclear and ‘adventitial’; foci of 
perivascular collections of neutrophils were 
frequent. The advential cells were often present 
as “collars” around minute blood vessels. In 
areas of diffuse inflammatory reaction lympho- 
cytes were predominant although a few 
neutrophils were also present. In some sites 
there were small foci of lymphocytes separated 
by erythrocytes just below the endocardium. 
Slight swelling and loss of striation of the 
muscle fibers were noted; for the most part, 
however, the muscle was well preserved. In 
some sections of the myocardium individual 
fibers of some of the larger nerves lying ad- 
jacent to branches of the coronary arteries 
were spread by edema-like material. In a later 
study, Saphir* confirmed these observations. 
The same type of changes had been noted in 
the hearts of poliomyelitis patients 20 vears 
earlier by Abramson.‘ 

Since publication of the data of Saphir and 
Wile,? other investigators have recorded the 
presence of interstitial inflammatory reactions, 
perivascular collections of lymphocytes, and 
slight but definite changes in myocardial 
muscle.®: § In addition to these findings, Cowie, 
Parsons, and Lowenberg’ observed subepi- 
cardial hemorrhages, right-sided cardiac dila- 
tation with relative tricuspid and pulmonary 
insufficiency, thrombosis of the right atrial 
appendage, and localized interstitial myo- 
carditis. Peale and Lucchesi* found no gross 
abnormalities of the heart in poliomyelitis, but 
6 of 7 cases examined by microscopic study re- 
vealed degenerative muscle changes of varying 
degree, including some loss of striations, frag- 
mentation of muscle bundles, granular necrosis, 
interstitial edema, and swelling and pyknosis of 
nuclei; patchy areas of myosclerosis were ap- 
parent in some. The lesions could not be related 
to age of the patients, duration of the disease, 
or presence of bronchopneumonia. 


The largest study of myocardial chang 
poliomyelitis is that of Dolgopol and Cra 
Of 92 cases in the acute or convalescent 
of the disease, 16 had focal myocarditis. 
duration of the infection in these indivi 
varied from 2 to 10 days, and their ages 
13 months to 37 years. All had bulbar or s 
involvement of varying severity; several 
lesions of the midbrain and cortex. One h: 
the patients had pneumonia. Three typ: 
focal myocarditis were present: Type I 
of the myocardium showed isolated, 
cloudy myocardial fibers, tapering off to’ 
widened edematous stroma with long, \ 
nuclei clinging to the fibers. No cytoplasm 
present about these nuclei. Type I/—c 
tions of cells, usually mononuclear but ©°ca- 
sionally neutrophils, were found lying bet, cen 
intact or slightly degenerated myocai ial 
fibers. In some foci the mononuclear cells von- 
tained elongated or oval nuclei with little 
cytoplasm and seemed to be of histiocytic 
origin. Type 11/—cellular collections in the 
interstitial tissues surrounding the blood ves- 
sels. The cells were usually histiocytic mono- 
nuclears with oval nuclei, but in some cases 
neutrophils and lymphocytes predominated in 
the perivascular tissue and infiltrated between 
the adjacent fibers. In some instances, there 
were small collections of lymphocytes and 
polymorphonuclear leukocytes beneath the 
endocardium and_ spreading between _ the 
underlying myocardial fibers. Subepicardial 
cellular collections and epicardial, myocardial, 


and subendocardial petechiae were frequent. 


Interstitial edema of the myocardium was 
present in 86 patients;it was apparent not only 
in the perivascular connective tissue but ex- 
tended within muscle bundles and_ between 
individual myocardial fibers. The heart muscle 
was remarkably well preserved in the majority 
of cases of myocarditis. Zenker’s degeneration 
was encountered occasionally in __ isolated 
fibers. A peculiar widespread degenera' ive 
change was observed in some instances wit! or 
without myocarditis; the degenerated fil ers 
showed intrasarcolemmal fragmentation of he 
fibrillae, which, although still preserving t! eir 
cross striations, appeared to be cleaved ac: oss 
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the nterealated disks and retracted on either 
side of the tear. 
| ‘erstitial collections of cells, edema of the 
my vardium, diffuse and focal perivascular in- 
filt: tion with neutrophils and lymphocytes, 
an light changes in the myocardial fibers have 
bec observed in poliomyelitis by several in- 
ve: igators.!°-2 Boucek and co-workers! and 
Lu den and Edwards" emphasized the ana- 
tor .c alterations in the myocardial muscle. 
Th v described involvement of single or small 
er ips of muscle fibers. The predominant 
pic ure was one of loss of muscle striations and 
nuclei; the protoplasm was represented by 
co.rse clumps of acidophilic material. Some 
fibers had a homogeneous nonfibrillar hyaline 
appearance; others, although retaining their 
cross striations, were granular and stained more 
deeply acidophilic than normal, and contained 
sudanophilie granules. According to Boucek 
and co-workers the “granular character of 
the muscle fiber is the earliest morphologically 
recognizable change of myocarditis and the 
cells showing the protoplasmic clumping and 
hyaline change represent later stages in the 
> Ludden and Edwards! 
pointed out that the most conspicuous change 
in severe acute myocarditis of this type was 
complete focal necrosis of 1 or 2 adjacent 
muscle fibers; these were completely replaced 
by irregular staining disorganized masses of 
coagulated cytoplasm. In 1 case, they noted a 
perforation of the posterior wall of the right 
atrium; the defect was small, had irregular 
horders, and produced hemorrhage into the 
surrounding tissues with hemopericardium. 
‘hat the lesions in poliomyelitis are not 
sent in all parts of the myocardium to the 
e degree was stressed by Boucek and as- 
ates and Jurow and Dolgopol.’? The 
1er observed the most extensive changes in 
left atrial appendage, anterolateral wall of 
left ventricle, and left posterior papillary 
cle. The latter arranged the sites of tissue 
iage in the heart in the following order of 
easing frequency, intraventricular septum, 
erior papillary muscle of the left ventricle, 
walls of the atria. 
natomic changes have also been described 
ie aortas of patients dying of poliomyelitis.® 


disease process.’ 


Although this organ usually appears grossly 
normal, microscopic study has revealed a pink, 
smudgy, edema-like material containing an 
occasional lymphocyte and separating the 
elastic lamellae; the intima and adventitia 
have been unchanged. 


Etiology of Myocarditis 


The etiology of the cardiac damage that may 
be observed in poliomyelitis has been the sub- 
ject of considerable speculation. Some investi- 
gators have suggested that most of the changes 
are due to hypoxia, since most patients who die 
of the disease are suboxygenated for a variable 
period of time prior to death. Boucek’s group,'* 
however, have stated categorically that “anoxia 
is not the cause.” It has been pointed out by 
Dolgopol and Cragan® that the lesions of their 
Type I focal myocarditis are the same as those 
present in infections by Type A influenza virus. 
Fifteen years ago Larson® suggested that myo- 
carditis was produced by invasion by the virus 
of poliomyelitis. Ludden and Edwards" postu- 
lated that in some epidemics a virus strain with 
specific cardiotropic properties might be in- 
volved. Recent data support the probability 
that poliomyocarditis is produced by direct 
invasion of the heart by the infectious agent. 
Horstmann and her co-workers'® and Sanz- 
Ibanez!* demonstrated poliomyelitis virus in 
the hearts of experimental animals. Myo- 
-arditis has been found in 23 per cent of experi- 
mentally infected chick embryos.” Jungeblut"® 
was the first to detect virus in the heart of 
human beings dying of poliomyelitis, by trans- 
fer of cardiac tissue as well as spinal cord from 
2 fatal cases of bulbar poliomyelitis to cynomol- 
gus monkeys. Both isolates produced paralysis 
with classical anterior horn lesions; definite 
myocardial involvement occurred with several 
of the subpassages. In a later study, Jungeblut 
and Edwards" injected glycerinated fragments 
of myocardium from 5 patients intracerebrally 
into cynomolgus monkeys and found virus in 3; 
only 2 had anatomic evidence of myocarditis. 
Immunologic studies proved that they were 
dealing with poliomyelitis virus. The injected 
animals exhibited myocardial lesions. It was 
postulated that the infectious agent reached 
the heart during the period of viremia. 
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Electrocardiographic Abnormalities 


Electrocardiographic investigations of large 
numbers of patients with poliomyelitis have 
indicated that myocarditis is relatively com- 
mon, and probably more frequently present 
than has been suggested by anatomic investi- 
gation. The first electrocardiographic study in 
poliomyelitis was that of Battro and _ co- 
workers,2° who found abnormal tracings in 5 of 
20 cases in the acute stage of infection. Since 
the publication of this paper a number of other 
investigators": *!-° have reported electrocardio- 
graphic changes in from 12 to 77 per cent of 
cases of poliomyelitis. The significance of some 
of these ‘‘abnormalities’’ must be questioned, 
however, because they have not been evaluated 
in relation to the presence or absence of fever 
and tachycardia, both of which may produce 
transitory, minor alterations in the electro- 
cardiogram regardless of their cause. Gefter’s 
group” noted that the incidence of abnormal 
tracings rose inconstantly with an increase in 
the duration of the febrile period. While this 
suggests a relationship to the acute active 
phase of the infection, it does not rule out the 
possibility that some of the abnormalities 
noted, particularly those involving the T 
waves and S-T segments, were nonspecifically 
induced by the elevated temperature and 
pulse rate characteristic of the early stage of 
the disease. 

A variety of abnormalities in the electro- 
cardiogram have been described. As can be 
seen in table 1, changes have been observed in 


TABLE 1.—Types of Electrocardiographic Abnor- 
malities in Patients with Poliomyelitis 


Investigator (reference no.) per cent 
Type of abnormality 


? 
T-wave changes.... 
ST-T abnormality 
P-R increased 
Q-T increased 
Extrasystoles 
Left axis deviation 
Right axis deviation. 
Tachyeardia (140 or 
higher).. 
“Arrhythmias’”’ . 
High P waves... 


all parts of the tracings. The incidence. of 
certain types of alteration has differed cons ler. 
ably from one study to another, however. T jus, 
prolongation of Q-T has been noted in fron 1.6 
to 33.3 per cent, T-wave displacement in ‘ ‘om 
10.7 to 39.3 per cent, and tachycardia | ate 
over 140 per minute) in from 4 to 42 per ce) ¢ of 
patients with poliomyelitis. A number of c her 
changes have been reported without mer ion 
of their incidence; these include equivocal )-T 
prolongation,” Q.T; pattern,?> and s jus 
bradycardia and low voltage of the (ORS 
complex.” 

It is obvious that no specific electroca 
graphic changes are associated with p 
myelitis. The abnormalities are the sam 
those noted in a variety of infections du: 
bacteria, rickettsiae, and other viruses. 
great interest, however, is the relative 
quency of prolongation of atrioventricular 
conduction and the possibility of confusion 
with acute rheumatic carditis. Occasionally 
the presence of myocardial infarction may be 
mistakenly suspected because of a suggestive 
electrocardiographic pattern. The writer has 
observed 3 patients with poliomyelitis in whom 
the tracings were highly suspicious of acute 
coronary closure; in no case was a myocardial 
infaret discovered at necropsy. It should be 
stressed that electrocardiographic abnormali- 
ties cannot always be related to demonstrable 
anatomic changes in the heart, although they 
are frequently associated .*5 

EKlectrocardiographic abnormalities usually 
appear during the first 14 days of poliomyelitis. 
Fox and his co-workers'! found changes as 
early as the first day of the disease but they 
were most common during the first week; the 
earliest alterations were present in aVy. Gelter 
and associates”! noted the following times of 
appearance of abnormal tracings: 1 to 3 days, 
18 per cent; 4 to 6 days, 17.9 per cent; 7 to 9 
days, 10.9 per cent; and 10 to 12 days, 17.6 
per cent. Changes did not increase in frequency 
as the poliomyelitis ran its course; when p 
ent, they usually persisted for several we« 
That the duration of electrocardiogray 1i 


gested by Frishknecht and Zellwegger;” 0. ly 


those cases in which the tracing was abnor al 


abnormality may be of importance was s ‘g- 
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for | nger than 2 to 3 weeks were thought to be 
sus} cious of myocarditis. Patients with normal 
ree. ds during the acute phase of the infection 
wer not found to develop electrocardiographic 
evi ‘nee of cardiac damage later in the disease. 

‘| ere is some disagreement concerning the 
frec .eney of electrocardiographic abnormalities 
in ifferent age groups. Gefter and his asso- 
cia os?! found no association between the pres- 
en of abnormal records and age. The inci- 
de: ce was 17.4 per cent in cases 1 to 3 years 
old. and 19 per cent in those 19 to 46 years of 
ag: ; however, only 6.7 per cent of 4- to 6-year- 
old children showed such tracings. Weinstein 
and Shelokov,”® on the other hand, detected no 
electrocardiographic changes in patients older 
than 16 years, although 50 per cent of the 
group studied were adults. A tendency toward a 
greater number of abnormal tracings with 
increasing age has been suggested by Laake;?* 
he described electrocardiographic changes in 
37.6 per cent of individuals over 10 years of 
age and 24.1 per cent in those younger than 10. 

The type and extent of paralytic involve- 
ment in poliomyelitis appear to be related to 
the incidence of electrocardiographic abnor- 
malities. The frequency of abnormal tracings 
is lowest in the nonparalytic form of the 
disease,2'» 26 and highest in cases with severe 
spinal, bulbar, or bulbospinal 
ment?! 24. 26 (table 2). 

Several factors have been suggested as re- 
sponsible for the electrocardiographic changes 
in poliomyelitis. The possible role of serum 
potassium has been ruled out by Manning and 
Yu.” Disturbances in the sympathetic nervous 
system have been thought to be of significance 
in altering the electrocardiogram by Frisch- 
echt and Zellwegger” and Laake.” The latter 
found that abnormal tracings could be reverted 

iormal within 45 minutes after the injection 
lihydroergotamine, a sympatholytic agent. 
‘ state of ventilation, either hypoxia?® or 
erventilation, has also been suspected of 
ving an important part. While it is possible 
t nervous system dysfunction or abnor- 
ities of ventilation may be responsible for 
ie of the transient and minor electrocar- 
zraphic changes, it appears most likely that 

alterations of greatest significance and 


involve- 


TABLE 2.—Relationship of Type of Poliomyelitis to 
Incidence of Electrocardiographic Abnormalities 


| Investigator (reference 


| no.) per cent patients 
with electrocardiographic 
| 


Type of poliomyelitis changes 


Nonparalytic 

Paralysis, 1 extremity 

Paralysis, 2 or more extremities, | 
bladder, diaphragm.......... | 15.6; — 

POM co hc eee cic orekaieesa cs | 10.5 

Spinal, — 

Spinal, “‘extreme”’ — 

Babar IONE... 6.0656 05s00 | 22 

Bulbar or bulbospinal | 26 17 





persistence are related to viral invasion of the 
heart’: © and resulting myocarditis. 


Physical Findings 


Very few studies of myocarditis in polio- 
myelitis mention the presence of abnormal 
physical findings associated with the observed 
anatomic and electrocardiographie disturb- 
ances. In many cases it is difficult to distinguish 
the exact cause of manifestations consistent 
with cardiovascular dysfunction because they 
may arise not only from cardiac involvement, 
but also from medullary or pulmonary dis- 
orders that are frequently present at the same 
time. It has been suggested? that, although 
poliomyocarditis produces no specific symp- 
toms, the heart may be considered to be 
affected if (a) a patient becomes clinically 
worse and begins to fail rapidly without ap- 
parent reason, (b) bradycardia or any type of 
arrhythmia appears, (c) restlessness becomes 
prominent, (d) the pulse is feeble, (e) hypo- 
tension develops and there is an increase in 
heart size, and (f) tachycardia out of proportion 
to the level of fever and cyanosis are present. 
A critical analysis of these symptoms reveals 
that, with the exception of cardiomegaly, they 
are relatively nonspecific, however, and that 
they may result from disease of the medulla or 
from disorders of ventilation. Other investiga- 
tors have described “cardiac failure” or a 
“clinical picture suggestive of cardiac damage.’” 
In the cases studied by Gefter and associates,”! 
7.5 per cent had mitral and 1.5 per cent aortic 
murmurs, 4 per cent had a heart rate of 140 
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per minute or higher, and 0.01 per cent showed 
cardiac enlargement. Cardiomegaly and loud 
apical systolic murmurs have also been noted 
by Hertz and his co-workers.?? One half of 28 
fatal cases of poliomyelitis were thought by 
Shutkin® to have died of acute myocardial 
failure. All of these patients died suddenly, 
with only a short preterminal phase during 
which the outstanding abnormalities were 
moderately rapid pulse of deteriorating quality, 
normal arterial and venous pressure, normal 
respiratory function, and cardiac standstill. 
The individuals with the clinical picture of 
shock and “peripheral vascular failure’’ failed 
to respond to vasopressor agents. Jungeblut'’ 
has stressed the importance of myocarditis in 
determining the outcome of poliomyelitis: 
“Since the frequency of myocardial involve- 
ment seems to be directly proportional to the 
severity of the disease, it is not impossible that 
the fatal outcome in so-called bulbar cases may, 
at times, be determined more directly by the 
extent of myocardial damage than by lesions 
in the respiratory centers of the brain stem. 
It will also be necessary, on the other hand, to 
examine carefully the occasional patient with 
“eryptic” myocarditis of unknown etiology 
(who shows no obvious signs of paralysis) for 
the possible presence of poliomyelitis virus, 
especially when such cases occur at times of 
epidemics.” The points made by Jungeblut are 
well taken and merit serious consideration. 
Considerably more study of the problem of 
cardiac failure in all types of poliomyelitis, 
especially the severe case, is necessary. The 
application of methods of specific measure- 
ment, e.g., measurement of venous pressure, 
circulation time, blood volume, transaminase 
levels, and cardiac catheterization, ete., may 
yield information of considerable importance 
in understanding the nature of cardiovascular 
dysfunction in poliomyelitis, and lead to more 
effective management of the disease. It is 
equally important to investigate the remote 
effects of poliomyelitis on the heart. Little or 
nothing of significance is at present known 
about the natural history of healed polio- 
myocarditis. Careful study over a number of 
years of patients known to have developed 
cardiac involvement during the acute phase of 


infection is imperative, if the full impac’ of 
such damage is to be determined. It is enti »ly 
possible that the maximal effect of p 0 
myocarditis may become most evident m ny 


years after recovery from the disease. 


ENDOCARDITIS AND PERICARDITIS 


Endocardial involvement may occur 
poliomyelitis. Petechial hemorrhages  \ 
present often in the endocardium of the h« 
studied by Saphir.* Luhan* described a cas 
which necropsy revealed a verrucous endo 
ditis involving the mitral valve; there wer 
embolic phenomena or evidence of chr 
congestive failure. Minimal valvular dams 
with and without associated endocarditis, 
found almost consistently by Ludden ; 
Edwards" The changes, consisting of sepa: ) 
tion of the valvular stroma as if by eden 
and foci of highly eosinophilic bundles 
collagen, were most prominent in the aoriic 
and mitral valves and when myocarditis \ 
present. These investigators also described 2 
cases of vegetative endocarditis. In one, the 
mitral valve was involved; no bacteria were 
seen but the entire stroma was infiltrated with 
numerous cells, mainly neutrophils with some 
lymphocytes, and the vegetation consisted of 
irregular deposits of fibrin undergoing organi- 
zation. In the other, a subendothelial circum- 
scribed mass about 2 mm. in diameter was 
discovered on the inferior aspect of the mitral 
valve; the lesion contained fibroblasts, budding 
capillaries, deposits of hemosiderin, and recent 
hemorrhage. Focal edema of the mitral valve, 
with minute nodules on the surface of the 
leaflets was observed in one individual, and 
hemorrhage in the mitral valve in another, by 
Weinstein and Shelokov.2> The possibility of 
acute rheumatic endocarditis was ruled out by 
the absence of the characteristic anatomic 
changes. 

Although subpericardial hemorrhages ha 
been described in poliomyelitis, involvement of 
the pericardium itself is apparently rare 
Saphir* noted pericardial hemorrhages in so! 
patients; in one, they were abundant a 
covered practically the entire visceral lay: ° 
In a case studied by Weinstein and Sheloko 
a sterile, creamy effusion containing neutroph 
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brin was present in the pericardial sac. 
nfiltration extended into the superficial 

of the myocardium; a nonbacterial 
ionitis was also observed. This patient 
) discoverable bacterial infection and had 
ed no antimicrobial agents. There are no 
ed instances of symptoms or signs sug- 
e of pericarditis or cardiac tamponade 
x life in poliomyelitis. The pathogenesis 
ricarditis in this disease is unknown. 
ile mechanisms may be spread of virus 
infected myocardium, implantation dur- 
ie viremic phase, or contact with pleura 
interstitial pneumonitis, which is occa- 
lly present in poliomyelitis,” occurs. 


HYPERTENSION 


Observations of the blood pressure in pa- 
tien's with poliomyelitis have revealed eleva- 
tious of varying degree and persistence in a 
varying number of cases. Considering an 
increase in diastolic pressure of more than 10 
mm. Hg above the expected normal as signifi- 
cant, Grulee and Panos® noted hypertension 
in 72 per cent of 70 patients. Elevation of blood 
pressure Was present in only 7 per cent of the 
spinal and 12 per cent of the nonparalytic cases. 
In a study of 428 cases of poliomyelitis Wein- 
stein and Shelokov®® found hypertension in 7 
per cent. The degree of blood pressure elevation 
was graded according to the following stand- 
ards: mild—increase of the systolic level of 20 
to 410 mm. Hg; mederate—rise of 40 to 50 mm.; 
severe—systolic pressure more than 50 mm. 
higher than normal. Of the 30 patients with 
hypertension, 22 (73.2 per cent) were over 16 
years of age; 5 had spinal, 16 bulbospinal, and 
1 hulboencephalitic disease. 

\bnormally elevated blood pressure (a 
diastolic level of over 90 mm. maintained for 
more than 12 hours) was a striking finding in 
more than half of the cases of poliomyelitis 

lied by McDowell and Plum.* Of a group 
03 patients, only 1 of whom had hyper- 
ion prior to the onset of infection, 45 
‘loped elevated blood pressure during the 
e phase of the disease, with the highest 
lence in instances of bulbospinal involve- 
t or quadriplegia. Hypertension was of 
‘iderably greater degree and longer duration 


in cases requiring artificial respiration than in 
those with normal breathing. The average 
blood pressure in hypertensive respirator pa- 
tients who survived was 164/104 and the 
average duration 98 days; in those not requir- 
ing artificial respiration, the average blood pres- 
sure was 143/96, which persisted for an average 
of 5.5 days. Of 10 individuals in whom hyper- 
tension was still present after 3 to 12 months, 
all had required treatment with a respirator 
for at least 2 weeks in the early part of their 
illness. 

Papilledema, generalized seizures, focal con- 
vulsions, visual scotomata, retinal arteriolar 
spasm, retinal hemorrhages, mental deteriora- 
tion, and progressive renal failure in the absence 
of pyelonephritis may occur as complications 
of hypertension in poliomyelitis.*-** Intensive 
therapy with hypotensive drugs has been 
found to be of value in controlling the elevated 
blood pressure and its sequelae, although reduc- 
tion to normotensive levels may be difficult to 
accomplish.**: #5 

That poliomyelitis may be responsible for 
hypertension of many years’ duration has been 
suggested by Vickers,** among others. He ob- 
served 3 patients, aged 25, 28, and 31 years, in 
whom there was no evidence of renal disease or 
other etiologic factors, who had hypertension 
180/120, 170/106, and 160/85 mm. Hg) 14, 22, 
and 23 years respectively after the onset of 
poliomyelitis; in 2 cases there was residual 
paralysis. 

Several mechanisms, acting singly or in 
combination, may be responsible for the de- 
velopment of hypertension in poliomyelitis. 
Hypoxia has been suggested by several in- 
vestigators”®: *. 8. %° as an important factor, 
particularly in instances of labile blood pres- 
sure levels, because artificial respiration or 
oxygen or both quickly restore a normotensive 
state. Grulee and Panos, McDowell and 
Plum,** and Platou*® do not agree with this 
hypothesis, however, because hypertension may 
persist despite adequate ventilation, or may be 
prolonged long after breathing has returned to 
normal. A central origin for elevation of the 
blood pressure in this disease had been postu- 
lated*®* #4 on the basis of the presence of 
lesions in the hypothalamus and the reticular 
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substance. Another possible mechanism, espe- 
cially for prolonged hypertension, is renal 
disease. Infections of the kidney are very 
common in severely paralyzed poliomyelitis 
patients who often require prolonged, constant 
catheterization of the urinary bladder. They 
occur despite chemoprophylaxis and are very 
difficult to eradicate even when potent anti- 
microbial agents are used. It is well known that 
this type of renal disease, if sufficiently pro- 
longed, may alone be responsible for persistent 
elevation of the blood pressure. Damage to 
the vagus or glossopharyngeal nerves that 
contain pressoreceptor fibers from the carotid 
and aortic sinuses has also been suggested as a 
mechanism for the production of hypertension 
in poliomyelitis. The reaction of the patient 
to a situation causing great alarm and appre- 
hension, as occurs in the severely affected case 
of poliomyelitis, has been thought to play a 
possible role.** That several factors may be 
active simultaneously or in sequence has been 
suggested by McDowell and Plum*: ‘The 
potentially harmful circulatory effects resulting 
from the use of the respirator or the occurrence 
of transient anoxemia and hypercapnia ap- 
peared to be all that was necessary to convert a 
transient hypertensive state to a seemingly 
permanent one. Renal hypertensive mecha- 
nisms may have been stimulated in this way to 
produce an irreversible hypertensive state.” 
These investigators reported a high titer of 
vasoexcitor material in the blood of 5 cases; in 
3, the level was “exceptionally high.” That 
some abnormal mechanism involving the 
autonomic nervous system is involved in the 
pathogenesis of hypertension in poliomyelitis 
is suggested by the report of Reilly and 
Barsanti,* who found that 19.4 per cent of 
cases of bulbar and spinal forms of the disease 
developed hypertension following the ad- 
ministration of tolazoline (Priscoline). 

It is obvious that hypertension is a problem 
of varying etiology and significance in polio- 
myelitis. The transient elevations of blood 
pressure in severely ill patients, especially 
those with some degree of ventilatory difficulty, 
are in all probability related to hypoxia and 
hypercapnia, since, in most instances, normo- 
tension follows procedures that produce ade- 


quate oxygenation. Suboxygenation is, how. 
ever, an inadequate explanation fo: the 
hypertension that persists despite resto ation 
of effective ventilation. There seems ‘0 hp 
little doubt that disease of the hypotha'amys 
or medulla may be the initiating mech :nism 
in such cases. As has been suggested ° the 
methods used to produce artificial respi ation 
may play a role in the pathogenesis of »lood 
pressure elevation. Urinary tract infé ‘tion, 
with or without obstruction, must be ruled 
out in every instance. 

The hypotensive drugs merit a seriou. trial 
in all cases of poliomyelitis in which | yper- 
tension is sustained because, if allow: d to 
persist, the elevated blood pressure ma: add 
to the already present incapacity or evel cost 
the patient his life. Poliomyelitis offe:s an 
important clinical situation for the study of the 
possible role of neural mechanisms in the 
pathogenesis of hypertension. In addition, in 
this disease, the natural history of elevated 
blood pressure may be investigated from the 
very moment of its inception through its 
entire course. 


PULMONARY EDEMA 


Pulmonary edema is a common event in 
patients who die of poliomyelitis. It frequently 
precedes the final episode of “‘circulatory 
collapse” or shock and is often difficult to 
detect because, in most instances, it oceurs in 
individuals who are severely ill in tank respira- 
tors, or have “bulbar” disease and are highly 
susceptible to pneumonia which may be difficult 
to distinguish from edema of the lungs. The 
presence of fluid in the pulmonary tissues is 
often suspected because coughing or tracheal 
aspiration yields pink, frothy fluid. Persistent 
hypoxia resistant to all efforts at artificial 
respiration also suggests the presence of pul- 
monary edema; in many cases, however, it is 
discovered only at necropsy. 

A number of factors may be involved in the 
production of pulmonary edema in_ yolio- 
myelitis. 

Hypoxia. It has been postulated that hy- 
poxia is the initiating event in pulmo ary 
edema.*: #: 44 While such an association nay 
be inferred from the presence of pulmo ary 
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edema relatively early in the course of inade- 
quate ventilation, it is very often impossible 
tobe rtain that edema of the lungs is not the 
situat nm responsible for the anoxia. In guinea 
pigs « ving under conditions of hypoxic hy- 
poxia _Hemingway*® was unable to find pul- 
mona » edema. In these experiments, condi- 
tions vere so selected that severe hypoxia 
woul occur but the animals were killed 
befor heart failure supervened. Since anoxia 
and; (monary edema tend to propagate each 
other it is obviously impossible to conclude 
whic! is the initiating factor when they are 
prese:t simultaneously. 

Ox sen Poisoning. Although there is no evi- 
dence for the incrimination of oxygen poisoning 
in th: pathogenesis of pulmonary edema in 
poliomyelitis, some recently published experi- 
mental observations suggest this as a possi- 
bility. When guinea pigs were kept constantly 
in an environment of 90 to 95 per cent oxygen 
at barometric pressure of 73 to 75 em. Hg,'* 
they developed edema of the lungs. The 
condition became progressively worse and 
death occurred after 4 to 6 days. Studies of the 
lungs indicated an approximate doubling in 
their weight and in the soluble protein nitrogen 
that they contained. Pulmonary hemoglobin, 
while quite variable in amount in different 
lungs, did not increase significantly in the 
entire lung during oxygen poisoning, but 
histologie examination revealed intense con- 
gestion in localized areas. In view of the fact 
that a great many of the patients with polio- 
myelitis who require artificial respiration and 
those with “bulbar” involvement are often 
treated with high concentrations of oxygen for 
long periods, oxygen poisoning as a cause of 
pulmonary edema in this disease merits serious 
consideration and investigation. 

P monary Infection. Many patients with 
resp) atory muscle paralysis or involvement of 
eransl nerves IX and X develop bacterial 
infec ions of the bronchopulmonary tissues, 
espe ally if they have been subjected to 
trac! sostomy. Others have an_ interstitial 
phet aonitis possibly due to poliomyelitis 
viru * In a considerable number of such cases 
puln onary edema develops. Although mecha- 
nish unrelated to pulmonary infection may be 


responsible for the edema of the lungs in these 
instances, the probability that the inflamma- 
tory reaction associated with the infectious 
process may increase the intensity of edema 
produced by some other factor must be con- 
sidered. Whether or not pneumonia itself 
produces pulmonary edema in_ poliomyelitis 
remains to be ascertained. 

Circulatory Changes Induced by Artificial 
Respiration. Circulatory changes of varying 
intensity are produced by artificial respiration, 
an obligatory method of therapy in patients 
suffering from paralysis of the muscles of 
respiration. That such alterations in hemo- 
dynamics may be responsible for pulmonary 
edema is entirely possible. The effect of 
artificial respiration on circulation is discussed 
in detail below. Since the life of the individual 
depends completely on the use of the tank or 
other type of artificial respiration, little can be 
done to avoid this possible cause of edema of 
the lungs. It has been suggested, however, that 
proper application of breathing apparatus may 
prevent or eradicate pulmonary edema.“ 

Central Mechanism. Pulmonary edema oc- 
curs with greatest frequency in severe bulbar or 
bulbospinal poliomyelitis. This observation has 
led to the suggestion that the most important 
factor in the pathogenesis of edema of the 
lungs in this infection is involvement of the 
medulla.?>: 43: # The situation has been com- 
pared to that which arises when increased 
intracranial pressure or severe irritation of the 
brain occurs with other diseases. Very strong 
circumstantial evidence in favor of this hy- 
pothesis is the frequent presence of severe 
damage of the medulla in cases in which pul- 
monary edema has been present. While it is 
possible that medullary involvement may be 
most important and even the primary initiating 
event, absolute proof of its significance is still 
lacking. Austen and co-workers* have ques- 
tioned this hypothesis; they place maximum 
emphasis on unsaturation of the blood in 
oxygen as the primary mechanism. The 
possibility that medullary changes initiate 
pulmonary edema that is then propagated and 
increased by the operation of other factors is 
worthy of investigation. 

Involvement of the Heart. Not all cases of 
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poliomyelitis that develop pulmonary edema 
have demonstrable cardiac abnormalities. 
However, myocarditis of varying degree has 
been found at autopsy in some instances. In 4 
patients with edema of the lungs, Weinstein 
and Shelokov”?® noted severe myocarditis in 2, 
mild interstitial edema of the myocardium in 1, 
and myocarditis, verrucous mitral endocardi- 
tis, and bilateral pleural effusion in 1. It is 
entirely likely, therefore, that in some indi- 
viduals pulmonary edema results from con- 
gestive failure due to cardiac damage; in those 
cases in which electrocardiographie and ana- 
tomic studies reveal no involvement of the 
heart, however, this mechanism is of no sig- 
nificance. 

Vasoconstriction. On the basis of observation 
of transient hypertension in patients who sub- 
sequently developed edema of the lungs, 
Hildes, Schaberg, and Alecock* have postulated 
that severe vasoconstriction may be an im- 
portant factor leading to heart failure and 
pulmonary edema. Such a mechanism would be 
greatly enhanced by the presence of cardiac 
damage due to viral myocarditis; this was 
common in the cases studied. 

Overhydration. Dehydration and difficulty in 
adjustment of fluid and electrolyte balance are 
common in patients severely ill with polio- 
myelitis, particularly in those with high 
temperature, vomiting, and diarrhea. Unless 
great care is exercised in the administration of 
water and sodium chloride, overhydration may 
lead to pulmonary edema. It is very important 
for the physician to be constantly aware of this 
possibility and to make every effort to maintain 
normal electrolyte and fluid balance by fre- 
quent study of urine specific gravity, hemato- 
crit, and serum levels of sodium, chloride, and 
-arbon dioxide. 

It is apparent from the above review that 
the etiology of pulmonary edema in a given 
-ase of poliomyelitis may be quite obscure. On 
the basis of studies revealing the presence of 
severe medullary damage in most patients 
succumbing with edema of the lungs, the 
writer is at the moment most inclined toward 
the theory that disease of the medulla is the 
primary initiating event; yet it is obvious 
that other factors may be important con- 


tributory causes or, in some instances may 


even be solely responsible. Clinical obsery tions 
suggest strongly that when complication. such 
as myocarditis, pulmonary infection, a oxig. 
or shock are present, several mechs jisms 
probably operate simultaneously or in sec. ence 
to produce pulmonary edema. The prob: »ility 
remains, however, that destruction « the 
medulla is the keystone of this phenome: )n. 

Treatment of pulmonary edema in_ )olio- 
myelitis is difficult and often ineffc ‘tive. 
Oxygen should be given in all cases. P: <itiye 
pressure breathing with the Jefferson vc ttila- 
tor has been thought to alter the p ocess 
favorably, and merits trial.“ Although vy. rious 
measures designed to combat cardiac {. ilure 
have been applied, there are no cont: olled 
studies to indicate their usefulness: when 
myocardial damage is evident, this type of 
therapy might be attempted. If bronchopul- 
monary infection appears to be a contributing 
factor, early and intensive administration of a 
properly selected antimicrobial agent is ob- 
viously indicated. The inhalation of alcohol 
vapor is worthy of consideration. The preven- 
tion of pulmonary edema may be more re- 
warding than any attempts to eradicate it 
after it has once appeared. Maintenance of 
proper oxygenation of the blood by insuring 
adequate ventilation, avoidance of overhydra- 
tion, the use of hypotensive agents during 
periods of hypertension,‘® guarding against 
oxygen poisoning, proper regulation of ap- 
paratus for artificial respiration so that circu- 
latory disturbances are minimal, and establish- 
ment of proper fluid and electrolyte balance 
may all be of vital importance in preventing the 
development of edema of the lungs. Unfor- 
tunately, there are no methods for preventing 
or altering the course of the medullary destruc- 
tion that results from viral invasion and that 
may be the focal point of the problem. 


CrircULATORY CHANGES PRODUCED 
BY ARTIFICIAL RESPIRATION 
In addition to the fact that patients sev: rely 
ill with poliomyelitis, particularly adults are 
susceptible to a variety of cardiovas: ular 
complications as a result. of myocarditis in- 
volvement of the medulla, hypertension, sock 
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etc. they are also the ones who usually have 
pai lysis of breathing muscles and require 
art: icial respiration. This type of treatment 
aly .ys imposes an additional load on the cir- 
cu! tion; in some cases, this may be sufficient 
to -recipitate a serious situation as a result of 
‘ation in hemodynamic equilibrium that 
already be unstable. 

here is clear-cut evidence that artificial 
iration induced by a tank or cuirass respira- 
under negative pressure is physiologically 
mechanically the same as that which re- 
suis from application of positive pressure to 
the upper airway.‘7: °°-53 Positive airway and 
negative intratank pressure produce identical 
changes in intrapulmonic, intrapleural, intra- 
cardiac, and systemic arterial and venous 
pressures. The results of these changes are (a) 
impairment of the circulation and decrease in 
cardiac output, (b) increase in cerebral venous 
and spinal fluid pressures, (c) rise in venous 
pressure, (d) loss of blood volume, and (e) 
increased filling of the venous bed and arteriolar 
constrietion.°°. Adequate ventilation without 
serious interference with venous return may be 
accomplished if positive pressure breathing is 
applied properly.** The positive phase of 
inspiration should build up slowly, release 
rapidly, and occupy less than 50 per cent of the 
total respiratory cycle. Other types of positive 
pressure curves cause reduction of cardiac 
output. In the individual who has normal 
hemodynamics at the time of institution of 
artificial respiration, compensatory mecha- 
nisms that tend to overcome the deleterious 
circulatory effects are actuated. These have 
been deseribed clearly and succinctly by 
Whittenberger and Sarnoff’: ‘When positive 
pressure is applied to the airway, a large 
fraction of the increase is transmitted to the 
pleural space, great veins, and right auricle. 
The resulting elevation in right auricular 
ssure momentarily decreases the venous 
dient. Venous return and cardiac output are 

s momentarily decreased, but rapidly 
over because there occurs a rise in peripheral 
ious pressure which reconstitutes the venous 
lient and thus re-establishes venous return. 
‘-e reconstitution of the venous gradient, 
refore, is an essential factor in maintaining 


normal cardiac output during positive pressure 
breathing. The mechanism of reconstituting 
the venous gradient is dependent upon the 
existing vascular tone, the capacity for reflex 
vasoconstriction, and the presence of a normal 
circulating blood volume. This concept is 
essential to the understanding of circulatory 
phenomena during artificial respiration.”’ The 
increase in peripheral venous pressure required 
to re-establish the venous gradient causes a 
rise in capillary filtration pressure, which re- 
sults in a reduction of the circulating blood 
volume.®*: *6 

When the sympathetic pathways are inac- 
tive, re-establishment of the venous gradient 
after the application of positive pressure is 
either greatly diminished or absent.” Because 
of this, venous return, cardiac output, and 
blood pressure fall in direct proportion to the 
degree of pressure applied. When intense 
generalized vasoconstriction is present, as is not 
infrequently the case in severe poliomyelitis 
where diffuse involvement of the sympathetic 
nervous system is common, positive pressure 
breathing produces a decline in arterial] pres- 
sure, because the mechanisms responsible for 
reestablishing the venous gradient are already 
maximally active. If artificial respiration is 
induced by means of the electrophrenic 
respirator, which produces ‘negative intra- 
pleural pressure, the arterial pressure is 
elevated. This type of mechanical breathing is 
of no value, however, in cases in which phrenic- 
intercostal nerve involvement is present 
because stimulation of the phrenic nerve be- 
comes impossible within a short time after 
onset of paralysis as a result of rapid axon 
degeneration. Distention of the stomach and 
intestine often result from the application of 
positive pressure to the airway by a face mask 
but not when it is applied through a trache- 
otomy or endotracheal tube. This complication 
is serious because of the undesirable reflex 
vagal effects of gastrointestinal dilatation, the 
increased difficulty of expanding the lung by 
any means, and the probable retardation of 
venous return by a tense abdomen.” 

It must be stressed that the effects of nega- 
tive pressure in a tank respirator are identical 
with those produced by positive pressure ap- 
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plied to the airway. Because of this, tank or 
cuirass respirators produce the same hemo- 
dynamic changes as occur when artificial 
respiration is induced by positive pressure ap- 
paratus. As a result, respirators that enclose 
the body reduce venous return and cardiac 
output if shock or peripheral vasodilatation is 
already a problem. Negative tank pressures 
intensify shock. A decrease in venous return 
may be desirable, however, in the presence of 
pulmonary edema. When a significant degree of 
hypotension is present, the use of an intratank 
positive pressure phase, alternated with a 
negative one, both of approximately the same 
degree, increases venous return. 

Circulatory difficulties may arise during the 
period of “weaning” from the tank respirator. 
Donhardt* suggested that cardiac damage 
resulting from poliomyocarditis created un- 
favorable conditions for the strain that, in 
some instances, was imposed on the right and 
also left side of the heart by the resumption of 
spontaneous respiration. The consequences of 
hypoxia or hypercapnia or both associated 
with spontaneous respiration were presumed 
to be the important feature. Whereas the 
strain on the left heart might be judged easily 
on the basis of a rise in the systemic blood 
pressure, the increase of pressure in the pul- 
monary circulation resulting from hypoxia 
could be measured directly only by cardiac 
catheterization. An important indication of 
pressure changes of this type was obtained 
from electrocardiographic study; a shift of the 
QRS axis and changes in ST and T were 
considered to be early signs of incipient over- 
strain. Careful observation of the blood pres- 
sure, pulse rate, electrocardiogram, and _ re- 
spiratory function were thought to be helpful 
in avoiding cardiac damage during the ‘“wean- 
ing”’ period. The use of hypotensive agents was 
recommended for the management of hyper- 
tension; the administration of cardiac glyco- 
sides was suggested if electrocardiographic 
signs of cardiac damage occur despite cautious 
weaning. 


SHock: “CrrcuLATORY COLLAPSE”’ 


The final event in the life of most individuals 
who succumb to poliomyelitis is shock or 


“circulatory collapse.” This occurs only 
sases of bulbar or bulbospinal disease in wh 
there is involvement of the ninth and te 
cranial nerves, or when respiratory mu: 
paralysis is present. It may appear very e: 
in advancing bulbar poliomyelitis, or may 
delayed for as long as a week in respira 


patients with advancing loss of motor poy 
In some instances, a period of hypertens 
that may or may not be related to hypo 
precedes the fall in blood pressure. In the ea | 
stage of shock, the skin has a flushed, flo 
appearance, the pulse is rapid and someti1 
irregular, and the pulse pressure is sn 
despite the presence of normotension. Lat 
however, there is intense vasoconstriction wi 
cold, clammy mottled skin, anxiety, restle 
ness, and confusion. Hypotension of severe 
degree usually develops very rapidly. At this 
stage hyperthermia (105 to 110 F.) is common; 
the pulse is very rapid but usually regular. |n 
cases in which shock occurs early in_polio- 
myelitis, there is often clinical evidence of 
pulmonary edema. 

A number of mechanisms may be involved 
in the pathogenesis of shock. 

Destruction of the Vasomotor Center. Baker 
and his associates” have postulated that. in- 
volvement. of the vasomotor center in the 
medulla is the responsible factor. Histologically, 
the area of the reticular substance was damaged 
in most of their patients. Such a lesion should 
lead to a general absence of sympathetic ac- 
tivity with postural hypotension. Hildes and 
his co-workers,” however, have emphasized 
the fact that intense vasoconstriction is 
present when ‘circulatory collapse” develops. 
They found severe lesions in the region between 
the floor of the fourth ventricle and the olivary 
nucleus in the upper part of the medulla. There 
was no apparent difference between the pa- 
tients dying of shock and those in whom death 
was due to other causes.** On the basis of 
studies of oxygen saturation, Austen and 
associates*® have also questioned the signif'- 
cance of disease of the vasomotor center: “Th > 
concept of peripheral vasomotor collapse as 
direct consequence of involvement of tl 
medullary vasomotor center does not accoul 
for the presence of arterial oxygen unsaturatio 
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ing the normotensive or hypertensive 
se.” In this regard, it should be pointed 
that medullary involvement may be re- 
nsible for the elevated blood pressure. In 
lition, hypoxia occurring prior to the 
elopment of shock may act only to produce 
added increment of damage to a medulla 
wed by the virus of poliomyelitis; this may 
sufficient to increase the degree of already 
sent dysfunction to a point where complete 
lure develops and ‘circulatory collapse”’ 
pears. 
Hypoxia. For a long time hypoxia has been 
xgested as a very important factor in the 
velopment of shock in poliomyelitis. In this 
‘onnection, it is important to emphasize that 
servation of the color of the skin and mucous 
membranes may be completely misleading, 
because a considerable degree of arterial oxygen 
unsaturation may be present in the absence of 
detectable cyanosis. It is not clear whether 
shock is directly related to the mere presence 
of inadequate oxygenation, or, as suggested 
above, that anoxia produces added damage to 
the vasomotor center which then results in 
severe hypotension. It has been suggested by 
Christie® that all deaths from acute polio- 
myelitis are due to hypoventilation. Although 
Hildes and his colleagues stated that this 
cannot be categorically denied on the basis of 
their observations, the majority of the patients 
whom they studied were not in respiratory 
distress at the onset of shock, and no evidence 
of airway obstruction or asphyxia from other 
causes was discovered at necropsy. Austen and 
co-workers* considered hypoxia a very im- 
portant factor in the pathogenesis of shock in 
poliomyelitis, but attributed the suboxygena- 
tim to a pulmonary mechanism such as 
‘ema of the lungs rather than to involvement 
the vasomotor center. Although there seems 
be little doubt that arterial oxygen unsatura- 
n probably plays an important role in the 
‘elopment of “circulatory collapse,” the 
ict mechanism by which it acts is at present 
scure. Whether it produces its effect directly 
by altering medullary or cardiac function or 
th is not clear. The writer has observed a 
mber of patients who have died in a state of 
diovascular collapse in whom, by actual 


measurement, there was no evidence of hypoxia 
in the early stages of shock and no obstruction 
to ventilation at autopsy. In many cases, on 
the other hand, pulmonary edema and arterial 
oxygen saturation have been detected prior to 
death. It is my opinion, nevertheless, that 
dysfunction of the vasomotor center due to 
invasion by the poliomyelitis virus is the pri- 
mary factor responsible for shock, and that 
this effect is hastened and increased in degree 
by hypoxia due to pulmonary edema, infection 
of the lungs, airway obstruction, or failure to 
produce an adequate degree of artificial 
respiration. 

Pulmonary Edema. Since involvement of 
medullary centers by the virus of poliomyelitis 
may be concerned both in the production of 
pulmonary edema and cardiovascular collapse, 
it is very difficult to attribute an isolated role 
to edema of the lungs in the pathogenesis of 
shock. However, because there is good evidence 
that suboxygenation of the blood may be an 
important contributing factor, and because 
pulmonary edema may be responsible for 
hypoxia, edema of the lungs is probably only of 
secondary significance. Austen’s group* con- 
sidered that ‘pulmonary edema is a major 
factor in the production of circulatory collapse. 
The effectiveness of increased concentrations of 
oxygen in reversing the arterial oxygen un- 
saturation and hypotension is in accordance 
with this concept.” This suggests that it is not 
the pulmonary edema itself but the hypoxia 
secondary to it that is the ‘major factor.”’ 

Alteration in Hemodynamics by Artificial 
Respiration. As described above, positive pres- 
sure applied directly to the airway or negative 
intratank pressure around the body produce 
impairment of venous return and decreased 
cardiac output in poliomyelitis patients in 
whom the sympathetic pathways are inactive, 
and lead to hypotension and the shock state. 
The fact that, in individuals without sympa- 
thetic dysfunction, artificial respiration does not 
lead to “circulatory collapse” because of the 
activity of compensatory mechanisms, sug- 
gests that this type of therapy itself may not 
be a primary factor in the etiology of shock 
except in certain cases in which it adds suffi- 
cient additional burden to unstable blood- 
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pressure-maintaining mechanisms so that a 
precarious balance is upset and hypotension 
results. This hypothesis is supported by ob- 
servations of respirator patients with secondary 
infections. I have studied* 2 individuals with 
bulbospinal poliomyelitis who, while in respira- 
tor tanks, developed pneumonia. At the 
beginning of the infection, the blood pressure 
was maintained despite the use of negative 
pressure around the body. In one case, rapidly 
progressing hypotension occurred very soon 
after the initiation of the secondary pulmonary 
disease, while, in the other, it did not appear 
until about 3 days after the infectious process 
was established. In both instances, because they 
were able to sustain unassisted respiration for 
about 2 hours, the patients were removed from 
the tank. This led to the prompt restoration of 
the blood pressure to normal levels. Resump- 
tion of artificial respiration quickly resulted in 
the reappearance of hypotension, despite the 
use of positive-negative pressure. Removal 
from the respirator again produced a normo- 
tensive state. Treatment over the next few 
days consisted of giving as much unassisted 
breathing as possible, the use of the rocking 
bed, and short periods of rest in the respirator 
tank consistent with maintenance of normal 
blood pressure. When the pneumonia had been 
cured by appropriate chemotherapy, _ in- 
stability of the blood pressure disappeared, and 
treatment with the tank respirator was con- 
tinued without event. These cases illustrate 
the effect of alterations in hemodynamics pro- 
duced by artificial respiration in contributing 
to the development of “circulatory collapse” 
when they are imposed on a situation, infection 
for example, which itself may produce shock. 
It appears entirely possible, therefore, that 
hypotension following artificial respiration in 
poliomyelitis is for the most part related to 
hemodynamic changes in patients who are 
already conditioned by some other mechanism 
for the development of shock. 

Vasoconstriction and Myocarditis. Hildes, 
Schaberg, and Alcock* have suggested that 
vasoconstriction in combination with myo- 
varditis constitutes the mechanism for the 
development of cardiovascular collapse. It is 
possible that the pulmonary edema resulting 


from the operation of these factors leads to 
hypoxia that is instrumental in produ 
the shock state. 

Infection. Severe infection of any type iaj 
produce “circulatory collapse.” The mecha: 
of this type of shock is unknown. Secon 
bacterial infection in poliomyelitis contrib 
to shock primarily when severe bulbai 
bulbospinal disease is present; it rarely ca 
appreciable hypotension in mild to modera 
severe spinal paralytic cases. Although it 1 
occur at any time, shock is most frequen 
bacterial infection is superimposed on_ po io- 
myelitis during the first 1 or 2 weeks. W ile 
pneumonia is the commonest offender in ‘his 
regard, acute pyelonephritis, a common c¢om- 
plication of the use of retention catheters in ‘he 
urinary bladder, or any infection with a:so- 
ciated bacteremia may trigger the development 
of circulatory collapse. In poliomyelitis, ihe 
frequency of ‘circulatory collapse’ following 
secondary infection is related to the presence 
of an unstable hemodynamic situation resulting 
from the primary disease and its treatment, in 
the majority of instances. 

Adrenal Insufficiency. It has been thought 
that, because of the sudden development of a 
high grade stress situation in severe polio- 
myelitis, acute adrenal insufficiency develops 
rapidly and produces “circulatory collapse.” 
In some cases, the adrenal glands have been 
found to show a varying degree of the anatomic 
changes usually associated with stress.® There 
is, however, no chemical evidence to support 
this hypothesis, and treatment with adrenal 
steroids is usually without effect in restoring 
the blood pressure to normal levels. 

It is evident that the etiology of ‘circulatory 
collapse” in poliomyelitis is not clear. While 
such factors as hypoxia, medullary damage, 
pulmonary edema, hemodynamic changes pro- 
duced by artificial respiration, secondary bac- 
terial infection, and myocarditis with cardiac 
failure may all be of importance in the patlio- 
genesis of shock, it is impossible to determine 
the primary mechanism on the basis of the 
evidence presently available. In a disease |'ke 
poliomyelitis in which multiple functional ce- 
rangements are often present, probably 10 
single factor is responsible, but shock resu ts 
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fro a the combined effects of 2 or more mecha- 
nis us operating simultaneously or in sequence 

i h enhancement of their hypotensive effects. 

s my opinion that the 2 most important 
ses of ‘circulatory collapse” in poliomyelitis 
disease of the vasomotor center and 
oxia. That the medulla may be the focal 
nt of this problem is strongly suggested by 
observation of most investigators that 
wk is practically limited to cases of polio- 
elitis in which bulbar (particularly cranial 
-rves LX and X) or bulbospinal involvement is 
esent. The significance of shock in this dis- 
ase cannot be overemphasized. The impor- 
ice of intensive study of this phenomenon and 
elucidation of its definitive mechanisms is 
reflected in the fact that shock is practically 
always the final event in the life of patients 
with poliomyelitis. 

A great variety of measures have been used 
to treat “circulatory collapse” in poliomyelitis. 
A\though plasma transfusions have been given, 
there is no evidence to support their usefulness. 
Adrenal steroids have been administered in 
many cases without detectable beneficial ef- 
fect. Nothing can be done to alter the course of 
events produced by the poliomyelitis virus in 
the medulla. Much can be done, however, to 
assure adequate ventilation and prevent 
arterial oxygen unsaturation by establishing 
patency of the airway, administering oxygen, 
and applying adequate artificial respiration. 
The deleterious effects of positive pressure on 
hemodynamics can be minimized by proper use 
of the apparatus employed for artificial respira- 
tion. When secondary bacterial infection is 
related to “circulatory collapse,” the most 
elective therapy is rapid control of the infec- 
tious process by early and intensive exhibition 
0! properly selected antimicrobial agents. 

\mong the drugs most widely used in the 

atment of shock in poliomyelitis as well as 

her infections are the vasopressor compounds, 
vecially norepinephrine. While the intra- 
nous instillation of this agent usually returns 

‘ blood pressure rapidly to normal levels, the 

mmon experience is that increasing quanti- 

s are required until, after 2 to 3 days, refrac- 

‘iness develops and shock deepens despite 

‘ injection of very large doses. Only rarely 


have I observed a case in which norepinephrine 
or other vasoconstricting drugs have produced 
a permanent return of normal blood pressure 
that was maintained without further therapy. 
Because of the presence of marked vasocon- 
striction preceding ‘circulatory collapse,” 
Hildes and his co-workers* suggested that 
vasoconstrictor drugs would not be expected 
to be of value; however, norepinephrine seemed 
to be “of definite benefit” in some of their 
patients. Remington and associates® believed 
that such drugs might actually be harmful in 
spite of temporary improvement in_ blood 
pressure. On the basis of clinical experience, 
however, the use of vasoconstrictor agents 
should be continued until a more effective form 
of therapy becomes available. Of more im- 
portance than the treatment of shock in 
poliomyelitis is its prevention by elimination of 
the factors that produce it, or by minimizing 
their effects if they cannot be eliminated. The 
treatment of ‘circulatory collapse” in this 
disease will become effective only after the 
investigations necessary to unravel the complex 
knot of its etiology have been carried out. 


PHLEBOTHROMBOSIS, THROMBOPHLEBITIS, 
AND PULMONARY INFARCTION 


Very little information is- available in the 
medical literature concerning phlebothrombo- 
sis, thrombophlebitis, and pulmonary infarction 
in poliomyelitis. Although mentioned by 
various investigators, data relative to incidence 
and predisposing factors are meager. Ferris® 
found 9 instances of thrombophlebitis in 69 
‘ases of chronic or convalescent poliomyelitis 
with respiratory difficulty. Involvement of the 
veins occurred in all age groups but was 
commonest in young to early middle-aged 


adults. The left leg was affected in every 
instance, although 1 individual also had 
venous thrombosis in the right leg. The interval 


between the onset of nervous system infection 
and the appearance of vascular occlusion ex- 
tended from 10 days to several months in the 
paralyzed patients. Thrombophlebitis and 
phlebothrombosis occurred most frequently in 
‘ases requiring artificial respiration. It must be 
pointed out, however, that they may appear 
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even when loss of motor power is limited to a 
single limb. 

Several factors may be involved in the pro- 
duction of peripheral venous thromboses in 
poliomyelitis. Many episodes of inflammatory 
occlusive disease of the veins follow a “cut 
down,” especially if plastic tubing is inserted, 
because this procedure is associated with a 
high risk of secondary staphylococcal infection. 
Thrombophlebitis may occur, however, in the 
absence of any surgical manipulation. Phlebo- 
thrombosis is probably the result of circulatory 
stasis secondary to immobility of paralyzed 
muscles, obstruction of venous return by mal- 
position of limbs, direct pressure by supportive 
pads, vigorous physiotherapeutic measures, 
delayed weaning from artificial respiration, or 
elevated hemoglobin levels resulting from 
dehydration or chronic hypoventilation.” That 
the problem is not restricted to the peripheral 
veins and that it is a potentially dangerous 
complication of poliomyelitis are emphasized 
by the not infrequent occurrence of pulmonary 
infarction, which is often unsuspected until 
demonstrated by the pathologist. 

The diagnosis and treatment of thrombo- 
phlebitis and phlebothrombosis are no different 
in poliomyelitis than in any other situation in 
which they occur. The administration of anti- 
coagulants, especially in the early phase of the 
disease, requires special care, however, because 
of (a) the possibility of bleeding from gastro- 
intestinal erosions, which are common, and (b) 
the presence of hypoprothrombinemia, which is 
frequent in severely ill respirator patients, 
particularly if they are receiving large quanti- 
ties of antibiotics.*> Among the measures that 
may be of value in decreasing the risk of venous 
thrombosis are adequate hydration and proper 
ventilation to avoid hemoconcentration, mov- 
ing patients about as much as is compatible 
with the state of their disease, early weaning 
from the respirator tank, placing patients on 
rocking beds, avoiding pressure over the veins 
of the extremities resulting from malposition 
or supportive pads, and eliminating the use of 
intravenously placed metal cannulae or plastic 
catheters for more than short periods of time. 

The importance of venous thrombosis in 
poliomyelitis cannot be overemphasized. De- 


spite the fact that young people with other dis. 
eases are much less prone to the developme \\t of 
phlebothrombosis than older individuals, } ara- 
lytic poliomyelitis presents a situation hat 
makes patients of any age susceptible to this 
complication and its potentially tragic sequ. lae, 
Death in an unknown number of cases of p )lio- 
myelitis results from massive pulmo. ary 
infarction and not from the virus infectic \ of 
the nervous system. The physician atten ing 
cases of this disease must be constantly s: asi- 
tive to the possibility of peripheral ve: ous 
thrombosis and infarction of the lung so _ hat 
he can carry out the necessary prophyl: tic 
and therapeutic measures before the cli) ical 
situation gets out of control. 


BLoop VESSELS 


Involvement of the sympathetic ner ous 
system is common in paralytic poliomyelitis 
and may be of severe degree. That this leads to 
vasospasm with the development of a variety 
of signs and symptoms has been suggested by 
several investigators. Smith and his co-work- 
ers®: ® attributed cyanosis to spasm of the 
pulmonary blood vessels resulting from involve- 
ment of the thoracic portion of the nervous 
system, and also attributed various types of 
rashes and severe, indolent, necrotic Schick 
reactions to angiospasm in the skin. Anatomic 
studies by these observers showed edema of the 
sympathetic ganglia, small foci of infiltration 
in the ground substance, and degenerative 
changes in the ganglion cells, which appeared 
shrunken with obscured or absent nuclei. 
Oscillometric studies revealed vascular spasm. 
Nicotinic acid dilated the normal but not the 
spastic vessels. They postulated that the blood 
vessel disturbance in chronic poliomyelitis is 
like that in Raynaud’s syndrome, and that the 
cramplike pain is similar to that of peripheral 
arterial claudication. Zellwegger and Morf® 
suggested that vasodilatation is present in the 
initial phases of poliomyelitis; skin temperatiire 
and oscillometric response were both increased 
in the paralyzed extremity. Later in the cis- 
ease, however, they found vasospasm on ‘he 
affected side but not on the unaffected one. In 
another study of chronic poliomyelitis, Kot: ke 
and Stillwell®* observed that vascular chan. es 
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werr not related to the degree of paresis of an 
extr-mity, and occurred in the absence of 
mus le weakness. The coldness, cyanosis, 
ede: ia, and pain of the involved areas were 
pre: imed to be due to vasoconstriction result- 
ing from sympathetic overactivity. In the 
con tant temperature room, emotional stress 
inc) sased vasospasticity. These investigators 
had the following comments to make concern- 
ing he etiology of the vasospasm: ‘“The lesions 
in t ie spinal cord in poliomyelitis are consistent 
wit: these physiological evidences of sym- 
patietic disturbances. Involvement of the 
syn.pathetic nuclei in the intermediolateral 
columns of the cord with destruction both of 
the internuncial neurons and of the pregan- 
glionic sympathetic neurons occurs frequently. 
Severe lesions of the anterior horns of the spinal 
cord are always accompanied by lesions of the 
lateral columns. In some cases, there may be 
diffuse destruction in both areas without severe 
muscle paresis. Destruction of internuncial cells 
might result in release of the spinal sympa- 
thetie nuclei from the control of the higher 
centers. With release from inhibition, the 
sympathetic neurons show an excessive re- 
sponse to stimuli from other sources. The 
sympathetic reflexes are exaggerated. Nerve 
impulses from any origin impinging on the 
sympathetics result in increased sympathetic 
activity and vasoconstriction.” 

Abramson and his co-workers™ were unable 
to detect any evidence of vasospasm in patients 
with poliomyelitis. They studied the peripheral 
circulation in 27 cases of this disease by means 
of the venous occlusion plethysmographic 
method. Five were examined within 2 to 4 
weeks after termination of the “contagious 
stage”; the other 22 had had poliomyelitis 1 to 
30 years prior to the investigation. No differ- 
ences could be detected in the blood flow in the 
2 -roups. In the majority of instances, the 
pe ipheral circulation in the paralyzed limb 
Wes the same as that in the contralateral nor- 
m | one; in some, it was even significantly 

iter. Evidence was obtained that the 
aneous blood vessels in the extremity 

‘ted by poliomyelitis responded more 

rkedly to the stimulus of cold than did 

se of the uninvolved limb. Study of the 


changes in blood flow during reactive hy- 
peremia following arterial occlusion suggested 
that the metabolism of muscles atrophied by 
poliomyelitis was the same as that of normal 
tissue. 

In an attempt to elicit the pathogenesis of 
the cold, clammy, and often cyanotic extremi- 
ties frequently observed in both the early and 
the late phases of poliomyelitis, Trott, Hell- 
strom, and Green® made a study of skin and 
muscle temperatures in the first 40 days after 
onset of the disease, and in chronic cases; only 
those with paralysis of a single extremity were 
investigated. No differences in skin tempera- 
ture of the paralyzed extremity when compared 
to the unaffected one could be detected at 0, 
21, and 40 days after poliomyelitis first ap- 
peared. Ten determinations were made of the 
temperature of paralyzed gastrocnemius mus- 
cles and corresponding uninvolved ones; 5 were 
studied in the first 20 days, and 5 between 21 
and 40 days after the disease started. The 
values were found to be essentially the same on 
both sides. In the chronic stage of poliomyeli- 
tis, on the other hand, the temperature of the 
paralyzed gastrocnemius was very much lower 
than that of the normal muscle. These observa- 
tions in chronic poliomyelitis are the same as 
those previously made by Gucker, Green, and 
Anderson.” P 

From the evidence cited above, it appears 
that, while peripheral vasoconstriction is 
probably a very common phenomenon in 
chronically paralyzed muscles, angiospasm 
may not be a feature of the early phase of 
poliomyelitis. The mechanism of the cold, blue, 
clammy, paralyzed extremity that is seen early 
in the disease is not clear and requires further 
investigation. 

A very interesting study of the blood vessels 
in poliomyelitis was carried out by Bloch,”° 
who observed the conjunctivae of patients in 
the acute phase of the disease with a stereo- 
binocular microscope. He found aggregates of 
erythrocytes in the circulation in every case; 
these were frequently associated with various 
degrees of anemia and low blood volume. The 
capillaries were plugged and the rate of flow 
through venules was reduced. A common 
finding was excessive plasma fluid loss that 
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resulted in microscopically visible edema of the 
conjunctiva. A varying degree of hemoconcen- 
tration was observed in the small veins of the 
conjunctiva in every instance. Dilatation and 
sacculation of the small veins and frank 
hemorrhage occurred with the maintained re- 
duction in blood flow. There was a progressive 
and persistent anemia of the arterial blood; 
associated with this was constriction of the 
arterioles, capillaries, and venules. Prolonged 
vasospasm frequently cut off the flow of blood 
in more than half of the capillary beds in the 
bulbar conjunctiva. The severity of the intra- 
vascular abnormality was roughly proportional 
to the extent of the symptomatic involvement 
of the central nervous system. 

Because of the clinical impression of de- 
creased vascular supply in paralyzed extremi- 
ties in poliomyelitis, various measures designed 
to increase blood flow and to treat shortening 
of limbs have been employed in the chronic 
stage of the disease. Harris’! performed lumbar 
sympathectomy in patients with paralysis of a 
leg and found that the operation produced 
vasodilatation and paralysis of the sweat glands 
with increased warmth and dryness of the foot. 


Calorimetric studies indicated that sympa- 
thectomy caused a considerable increase in the 
blood supply of the affected limb. The bene- 
ficial vascular changes appeared to be of 


prolonged duration, possibly permanent, and 
rate of growth of the leg was accelerated. When 
the main arteries of a chronically paralyzed 
extremity were exposed at operation by 
Telford and Stopford,”: * they were found to be 
much smaller than normal. On the basis of this 
observation, it was suggested that the loss of 
normal stimuli created by muscle activity was 
responsible for the poor development of the 
arteries and that the latter was proportionate 
to the loss of voluntary power. Bilateral 
lumbar sympathectomy was found to be ef- 
fective in increasing blood supply. Sympa- 
thectomy was also carried out by Robertson” 
and Ogilvie’® to restore normal blood flow in 
paralyzed extremities. 

One of the important long-term effects of 
poliomyelitis is retardation of bone growth and 
shortening of the involved extremity. Sympa- 


a 
« 


thectomy has been found by Harris 
MecDonald,”* White and Smithwick,” a) 
others”: 7> to result in resumption of grow?!) 
in most instances. Of 46 patients operated upo 
by Harris and McDonald, 20 had diminuti: 
of shortening and 7 showed no change, while 

5 the shortness continued to increase after t! 
surgical procedure. In 12 cases, a benefici 
effect present early was later lost. 

Other approaches to the problem of increg 
ing blood supply in paralyzed extremities la 
in poliomyelitis have been the use of tolazoli 
(Priscoline)®: ®*:*8 and sympathetic — nei 
block” (lumbar paravertebral in lower e 
tremity and stellate ganglion block in ar 
involvement). Although good results have bec 
reported, experiences of different investigato 
with these procedures differ and they requi) 
further evaluation. 


SUMMARY AND COMMENTS 


A review of the cardiovascular phenomen 
that may occur in poliomyelitis clearly reveal: 
that changes in the heart, alterations in hemo 
dynamics, hypertension, shock, and blood 
vessel abnormalities, while of variable inci 
dence and severity, may alter the course of the 
infection unfavorably, or even be responsible 
for death. These complications may be pro- 
duced either by direct viral invasion (polio 
myocarditis) or be indirectly due to severe 
damage to the nervous’ system (persistent 
hypertension, shock). 

Myocarditis with demonstrable anatomic, 
clinical, and electrocardiographic changes is : 
well-documented phenomenon in poliomyelitis. 
There is strongly suggestive evidence that 
verrucous endocarditis and pericarditis may 
also occur. Hypertension may be transient or 
persistent; when of short duration it usually 
reflects hypoxia, but when prolonged is proba 
bly due to hypothalamic involvement. Pulmo 
nary edema and “circulatory collapse’ ar 
usually very serious complications and ai 
associated with a very poor prognosis fo 
survival; they appear most frequently in th: 
bulbar (cranial nerves [LX and X) or bulbospina 
types of the disease. A number of mechanism 
have been suggested for these phenomena bu 
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the xact manner of their development is still 
obs: ure. Marked alterations in hemodynamics 
occ ® When a poliomyelitis patient is given 
art’ cial respiration. If normal compensatory 
me ianisms are active, such changes are 
tra sient and harmless; if they are inactive, 
ho ever, the application of positive pressure to 
th. airway or negative pressure around the 
bo vy usually results in severe hypotension, 
sh -k, and death. Although less common than 
in elderly patients, phlebothrombosis — or 
th: ombophlebitis of the extremities, with or 
w: hout pulmonary infarction, is a constant 
theat in young individuals afflicted with 
po iomyelitis. Angiospasm, while not clearly 
demonstrable in paralyzed extremities in the 
early phase of the disease, is a very common 
feature of the late stages and is probably 
responsible for color and temperature changes 
as well as retardation of bone growth. 
it is interesting to speculate on the long-term 
effects of the cardiovascular complications that 
may oecur early in the course of poliomyelitis. 
Although many patients who develop myo- 
carditis later show no clinical evidence of 
cardiac dysfunction, there is no evidence to 
prove or disprove the presence of residual 
cardiac damage. By analogy with myocarditis 
occurring in the course of other infections, it is 
not unrealistic to suggest that the heart once 
injured by the virus of poliomyelitis is no 
longer completely normal, though the patient 
survives. This is a matter worthy of careful 
investigation by means of long-term follow-up 
study of all patients paralyzed with polio- 
niyelitis but especially those who are found, by 
clinical or electrocardiographic study, to have 
rdiac involvement early in the disease. Al- 
uugh a few cases have been studied carefully 
a prolonged period, very little is known 
ut the natural history of the persistent 
pertension that may first appear in the 
irse of poliomyelitis. It is very likely that 
long-term effects of this type of blood pres- 
e elevation are the same as those that follow 
pertension due to other causes, but this 
‘sibility needs to be investigated. A small 
mber of patients with paralysis of the 


‘athing muscles become chronic respirator 


cases and require artificial respiration for very 
long periods of time. The effects of prolonged 
positive pressure breathing in these individuals 
may have slowly progressive deleterious ef- 
fects; these may account for the occasional case 
of this type in which, for no discoverable reason, 
death occurs suddenly 2 or 3 years after the 
onset of the disease. Although long-term 
neurologic and orthopedic follow-up study of 
poliomyelitis is common, there is a need for the 
same type of investigation with attention 
focused on the cardiovascular system. This has 
not been carried out, with the probable neglect 
of a very important aspect of the disease that 
bears a significant relationship to the course of 
a patient’s life. 

The pathogenesis of 2 extremely important 
‘cardiovascular events in poliomyelitis, shock 
and pulmonary edema, the outcome of which 
very often determines survival or death, still 
remains to be elucidated. If the number of 
survivals in severe bulbar or bulbospinal dis- 
ease is to be appreciably increased, these 
problems must be solved. Without a clear 
understanding of the mechanisms involved, 
any approach to prevention and treatment 
must be empiric. The importance of intensive 
investigation of this aspect of poliomyelitis 
cannot be overemphasized. 

Not many years ago poliomyelitis was con- 
sidered to be a disease of interest primarily to 
the pediatrician, neurologist, and orthopedist. 
The increased incidence of this infection in 
adults in the past 20 years and the evidence 
that it is generally much more severe in older 
than the younger individuals*® points sharply 
to the necessity for the internist to acquire and 
cultivate a serious interest in this disease. The 
presence of cardiovascular complications, which 
may be of much greater significance in deter- 
mining the course and outcome of the infection 
than mere paralysis of an arm or leg, estab- 
lishes the need for interest by the cardiologist. 
Only when all of the phenomena that occur in 
poliomyelitis are clearly understood and 
properly related to each other, will it become 
possible to increase the chance for survival and 
to decrease the impact of the late effects by 


























the application of scientifically determined 
specific principles of management. 
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R. C. BRUCE TAYLOR: The case for 

discussion is not being presented as an 
unusual case but instead as an example of a 
common but poorly understood disease process 
for which there is no very effective treatment. 
After presentation of the clinical abstract, Dr. 
Paul will discuss the clinical findings and dif- 
ferential diagnosis. Following this I shall 
briefly outline the postmortem findings and 
then we shall discuss certain problems illus- 
trated by this case. 


ABBREVIATED CLINICAL ABSTRACT 


This 76-year-old man _ developed increasing 
dyspnea during the last 10 years of his life. For many 
years he had a chronie cough, productive of frothy 
watery material. During childhood a tracheotomy 
had been performed. He had had Icbar pneumonia at 
age 50. Examination when he was 66 years old re- 
vealed a slightly cyanotic, dyspneic man with a 
pulse rate of 100 and a normal blood pressure. The 
veins of the neck were normal. The chest was sym- 
metrical, “barrel-shaped,”’ and hyperresonant. There 
was more marked hyperresonance and decreased 
fremitus with absent basilar respiratory sounds in 
the left chest. Examination of the abdomen and ex- 
tremities was negative. Roentgenograms showed 
marked bilateral pulmonary emphysema with large 
bullous blebs in the left lower pulmonary field. 
Fluoroscopy showed a low diaphragm with poor 
excursions. During the final 8 years of his life he 
entered the hospital 10 times with progressively 
se\ re symptoms of pulmonary emphysema and its 
sec ielae. Five years before death the vital capacity 
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was 50 per cent of normal; and 21% years later it had 
decreased to 30 per cent of normal. The arterial 
oxygen saturation was 88 per cent. Hemoglobin was 
172. Gm. per 100 ml. and erythrocyte count, 5.9 
million per mm.’ Supplemental volume and maximal 
ventilatory rate were markedly reduced. Electro- 
cardiograms were interpreted as showing right ven- 
tricular strain. Clubbing of digits became progres- 
sively more pronounced. During the last several 
months of life he developed atrial fibrillation, mod- 
erate hepatic and appreciable cardiac enlargement, 
and peripheral edema. He improved temporarily 
after digitalization. 

Terminally, cyanosis as well as manifestations of 
right heart failure became conspicuous. Atrial 
fibrillation persisted and he had a low grade fever. 
He became stuporous. Mucus collected in his trachea 
and pharynx. Suddenly on the tenth hospital day 
he died following massive hemoptysis. 

The other clinical and laboratory findings during 
the course of the patient’s illness were not pertinent 
to the purpose of our present discussion. 


DIFFERENTIAL DIAGNOSIS 


Dr. OGLEsBy Pavt: In reviewing the history 
briefly, there are a few events that probably 
are not pertinent to his final illness. One of 
these is the tracheotomy done during child- 
hood. We do not know the reason for this and 
I doubt whether it was related to the disease 
from which he died. I would, likewise, doubt 
the relationship of lobar pneumonia at the age 
of 50 to his terminal illness. It was probably an 
isolated respiratory infection, although perhaps 
a warning of troubles to come and of an in- 
creased susceptibility to bronchopulmonary 
infection. There are certain things one would 
like to know that are missing in this record. It 
is stated that he had a chronic cough for many 
years. I would like to know whether this man 
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was a smoker, as I believe the use of cigarettes 
in large numbers may bear a relationship to 
this type of chronic pulmonary disorder. 

Dr. Taytor: He smoked about 30 cigarettes 
a day during most of his adult life. 

Dr. Pauu: Decreased tactile fremitus with 
absent basilar breath sounds was not observed 
until about 10 years before his death, although 
it may have been present earlier. I think it is 
remarkable that he survived as long as he did, 
particularly in view of the fact that 10 admis- 
sions to the hospital were required during the 
final 8 years of his illness. Quite often, once 
pulmonary and cardiac failure appear to- 
gether, the course of the patient is progres- 
sively and more rapidly deteriorating. 

The evidences of heart disease require some 
comment. Atrial fibrillation is not a part of the 
picture of cor pulmonale, and is, I believe, a 
quite nonspecific complication in people, par- 
ticularly in the older age group, dying from 
diverse unrelated causes. It is stated that his 
heart was not enlarged. His first x-rays showed, 
as is customary in such cases, a small “tear- 
drop” heart with no evidence in the antero- 
posterior view of any enlargment, a lowered 
diaphragm that moved poorly, and evidence 
of cysts in the left lower pulmonary field. This 
lack of correlation between roentgenologic 
evidence of no cardiac enlargement and the 
finding of right ventricular hypertrophy at 
autopsy is common. It is difficult by x-ray to 
detect moderate right ventricular hyper- 
trophy, although the oblique views are more 
helpful than the anteroposterior view. It is 
difficult even by electrocardiographic methods 
to detect lesser degrees of right ventricular 
hypertrophy. The presence of hepatic enlarge- 
ment and edema together with the electro- 
cardiographic changes justifies the diagnosis of 
cor pulmonale with cardiac failure secondary 
to chronic pulmonary disease. The improve- 
ment with digitalis also favors this, although it 
should be pointed out that digitalis is of rather 
limited value in cor pulmonale. As in this case, 
however, it may be helpful in controlling the 
ventricular rate in atrial fibrillation. His final 
illness was apparently that of bronchopulmo- 
nary infection superimposed on emphysema. 


The terminal massive hemoptysis poses g 
problem. One can think of a large pulmo:ary 
infarct or rupture of a bronchial vessel or. ven 
associated left heart failure. The last of t iese 
seems unlikely in the absence of other evide ices 
of disease involving the left side of the h: art: 
the first 2 are most likely. Massive hemop ysis 
is not common in emphysema. 


The differential diagnosis would appear 1 ) be 
readily dispensed with, since there is no his ory 


of bronchial asthma and it seems unlikely hat 
congenital cystic disease of the lung coul: be 
important in an illness of this duration at his 
age. We have little evidence that pulmo: ary 
fibrosis existed in view of the x-ray finding ; of 
clear lungs and there is no good backgrouni or 
x-ray evidence of bronchiectasis, tubercul: sis, 
Boeck’s sarcoid, pneumoconiosis, bery]lcsis, 
etc. It would also appear that the elemen: of 
chronic lung infection must have been relati\ ely 
minor if the multiple admissions were as indi- 
cated almost solely for pulmonary failure 
without clinical signs of pneumonitis. 

Finally, it would appear that this 76-year- 
old man’s worsening course can be explained 
by emphysema of unknown origin, perhaps re- 
lated to persistent cough, secondary to pro- 
longed use of tobacco and chronic bronchial 
infection with decreased pulmonary elasticity 
and impaired mixing of air in the lungs. I be- 
lieve that some degree of cor pulmonale existed 
owing to a combination of pulmonary hyper- 
tension from a reduced capillary bed, perhaps 
with thrombi, and to secondary pulmonary 
arteriolar sclerosis with narrowing of the pul- 
monary arteriolar bed. Doubtless a further 
factor contributing to this was hypoxia, which 
may lead to pulmonary vascular constriction. 
Was oxygen given? 

Dr. Taytor: Yes. The patient was in an 
oxygen tent almost continuously during his 
final stay in the hospital. 

Dr. Pau: The continuous use of oxygen in 
treating such patients may be harmful because 
of the appearance of a carbon dioxide narcos's. 
It is necessary to give oxygen intermittent'y 
in order to avoid elevation of the plasma 
carbon dioxide and a reduction in the pH of 
the blood. There is a degree of carbon dioxi:'e 
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ele ition that acts as a stimulant and beyond 
th: there is depression of the respiratory 
ce) .er. 

yr. GEORGE M. Hass: Do you have any 
pr of that a chronic mild cough due to any 

se is productive of pulmonary emphysema? 
In other words, do you anticipate the develop- 
m at of generalized pulmonary emphysema 
wen a patient with a chronic cough has 

lized pulmonary lesions such as bronchiec- 

is or tuberculosis? 

Jr. Pau: It is my impression that patients 

o have had a chronic cough associated with 
excessive use of tobacco have a tendency over 
the course of years to develop chronic pulmo- 
nary disease with 2 components. One is the 
presence of chronic bronchitis and often 
pharyngitis and laryngitis, and the second is 
pulmonary emphysema. This impression is 
further supported by recent studies that also 


indicate that not only is carcinoma of the lung: 


related to the use of tobacco, but also that 
other types of pulmonary disease, not neo- 
plastic in nature, may be related to the use of 
tobaeco.! What do you think? 

Dr. Hass: I have no strong opinion. My im- 
pression is that in patients with localized pul- 
monary disease characterized by mild chronic- 
cough over a period of years, the pathologist 
seldom finds uniformly distributed pulmonary 
emphysema of the type found in patients in 
whom a diagnosis of senile emphysema is 
made. Furthermore, pathologists often find 
little pulmonary emphysema in young patients 
who have had chronic cough with severe 
bronchial asthma for many years. Something 
more than chronic cough is required to produce 
enphysema. 

Dr. Paut: I am not suggesting that all 
c:ronic emphysema is due to tobacco and the 
© ten associated chronic cough. How do you 

count for the fact that so many heavy 

iokers end with the clinical picture this 
| itient possessed? 


Dr. Hass: To this end, it is generally con- 
ded that further study of harmful effects of 
naled products arising from combustion of 
bacco and other materials is indicated. At 


least some of these products are certainly irri- 
tating to the respiratory mucosa. 

Dr. Scuwerrzer: I would like to ask Dr. 
Paul whether the clinical diagnosis of emphy- 
sema has any particular meaning in terms of 
the pathologic anatomy of the disease. When 
you say the patient has emphysema, what is 
your idea of the pathologic anatomy of the 
disease? Is it a uniform process and is it always 
the same from patient to patient? I refer es- 
pecially to clinical conditions loosely designated 
as generalized arteriosclerosis, senile emphy- 
sema, and other similar diagnoses that have 
no specific meaning, physiologically or ana- 
tomically. 

Dr. Pau: The term chronic senile emphy- 
sema implies that it is a generalized disease. 
Where emphysema is limited to an area distal 
to local bronchial obstruction, one would ex- 
pect focal emphysema unless so-called compen- 
satory emphysema in the remaining unob- 
structed parts of the lungs complicates the 
picture. In the present case where there is 
clinical evidence of bilateral pulmonary disease 
with diminished alveolar mixing and a typical 
“barrel chest’? with auscultatory findings 
characteristic of a diminished respiratory ex- 
change, I think it is fair to say that this is a 
generalized disease. To the clinician the word 
“emphysema” denotes a ‘disease in which 
there is a reduction of functioning alveolar 
units associated with rupture of alveoli and 
an increase in size of alveolar spaces. Also, 
there is usually a reduction in the over-all 
volume of the capillary bed and probably a 
reduction in elasticity of the lung as a whole 

QuEsTION TO Dr. Paut: What did you mean 
by speaking of bleeding from a_ bronchial 
vessel ? 

Dr. Paut: This man evidently had a massive 
hemoptysis. It is possible that this might have 
resulted from rupture or erosion of a bronchial 
vein. This has been described in mitral stenosis 
and it is conceivable to me that it might occur 
in cases of emphysema in which the bronchial 
circulation may be increased.” 

Dr. Taytor: Liebow’ has recently described 
injection studies of bronchial and pulmonary 
veins in a large series of normal and diseased 
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human lungs as well as lungs from cases with 
congenital cardiac disease and canine lungs 
with experimentally altered pulmonary circula- 
tions. He found striking increases in bronchial 
venous channels and their collateral branches 
in all cases of advanced pulmonary emphysema, 
whereas, in other diseases such as mitral 
stenosis, chronic bronchiectasis, and tuber- 
culosis, these changes were relatively infrequent 
and, when present, were less pronounced. Nor- 
mally, the proximal “true” bronchial veins 
drain venous blood from major and second 
order bronchi into the azygos system. There are 
capillary anastomoses between the pulmonary 
veins and these proximal “true” bronchial 
veins; they may have little function in normal 
lungs. The more peripheral bronchial veins, 
including all bronchial veins from third order 
bronchi outward, drain into pulmonary veins 
through demonstrable anastomoses and _ this 
blood returns to the left atrium. It appears 
that in emphysema there may be stasis or 
partial obstruction of pulmonary venous chan- 
nels with a resultant dilatation and enlarge- 
ment of the pre-existing small venous channels 
anastomosing bronchial with pulmonary veins 
and a concomitant enlargement of both prox- 
imal and peripheral bronchial veins. 

Dr. TRUEHEART: Could not these new 
venous routes alter normal cardiac physiology? 

Dr. Taytor: It is probable that these dilated 
bronchial veins with their anastomoses may 
carry oxygenated pulmonary venous blood 
back to the azygos veins and right heart, 
causing a left-to-right shunt. The emptying of 
this already oxygenated blood into the right 
heart would increase its work load. 

Dr. Brown: Has anyone implicated these 
bronchial venous changes in the genesis of 
cyanosis, seen so frequently in advanced pul- 
monary emphysema? 

Dr. Taytor: Yes. Liebow has suggested 
that, in far-advanced pulmonary emphysema 
with cor pulmonale, systemic venous pressure 
may exceed left atrial pressure, resulting in a 
right-to-left shunt through engorged bronchial 
veins and their anastomoses to pulmonary 
veins. This right-to-left shunt might be a 
factor in the systemic arterial oxygen desatura- 
tion and hypercapnia frequently observed in 
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these cases. I would also like to point out that 
Liebow observed no correlation of overdey: | )p- 
ment of the bronchial arterial system wit 
expanded bronchial venous system. 

Dr. Armin F. Scuick: How accurate are 
methods for diagnosing emphysema, espec | |ly 
in its earlier and locally distributed phases 

Dr. Taytor: During the past 15 yea s a 
number of ingenious methods and instrum nts 
for evaluation of pulmonary function has | cen 
developed. Comroe has reviewed these ad- 
vances.’ It is my impression that with nm ver 
equipment and methods one can get a 1 ore 
definite picture concerning pulmonary func ion 
in any one case and that more objective crit:ria 
for separate evaluation of pulmonary ven \la- 
tion, diffusion, and circulation have been 
established. These function tests are very 
useful for verifying and studying in a more 
quantitative way the earlier cases of pulmon:ry 
emphysema that on the basis of x-ray and 
clinical findings are presumed to have the 
disease. I do not believe that these new tech- 
nics have been sufficiently developed to aid 
significantly in detection of cases earlier than 
with the usual clinical and x-ray findings. 
Comroe and Fowler’ have developed an excel- 
lent rapid test in which expired air, following 
inhalation of a single breath of oxygen, is 
analyzed by a Lilly nitrogen meter® and believe 
it is as suitable as x-ray studies for mass 
screening purposes. Bronchospirometric studies 
are now being done on individual lungs and 
lobes of lungs.’ Studies of this nature should 
prove to be of value in the study and detection 
of local disease. 


an 


Dr. Pauw: Our respiratory physiologists tell 
me that a clinical diagnosis of emphysema can 
be confirmed by pulmonary func’ ion tests that 
indicate a sizable reduction in the maximum 
breathing capacity, a less striking reduction in 
vital capacity, prolongation of expiration, 20 
increase in the residual volume, and increas: 
nitrogen in the alveolar sample after 7 minut: 
of oxygen inhalation or by the *‘single-breat!” 
method mentioned above. The more scv 
cases will show a lowering of the systen 
arterial oxygen level and an increased carb: 
dioxide content. These studies can be done 
most hospitals and are decidedly helpful. 
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st instances they simply confirm an impres- 

, obtained clinically. 

Jr. Taytor: Dr. Paul, I wonder if you 

uld make a few comments about the efficacy 

treatment in prevention of progression of 
ly cases of this disease? 

Or. Paut: This is a disease of unknown 

gin. I do not believe there is any specific 

atment. However, one can relieve the symp- 
ns and perhaps slow the progress of the 
ease by prevention and treatment of infec- 
mn, avoidance of tobacco, administration of 
ugs that produce bronchodilatation, promo- 
ion of drainage of secretions, and use of 
eathing exercises to encourage the optimal 
change of air. The last of these has limited 
lue, as does the use of abdominal supports; 
hut both may in some instances result in better 
diaphragmatic excursions. The use of steroids, 
such as cortisone, has not been consistently 
beneficial although some reports are enthusi- 
astic. The use of carbonic anhydrase inhibitors 
is most helpful in patients with chronic carbon 
dioxide retention and cor pulmonale who re- 
quire diuresis. 

Dr. Scuweitzer: If diminution in elasticity 
of the lungs is a primary factor in progression 
of the disease, I do not see how any of the 
stated measures, except those concerned with 
eliminating inflammation could have much 
value. 

Dr. Hass: There was obliteration of both 
pleural cavities by adhesions in this case, so 
that pulmonary elastic recoil would seem to be 
limited, anyway. Dr. Taylor, where is the ef- 
fective locus of pulmonary elastic recoil? There 
are many cases with excellent pulmonary func- 
tion despite complete fusion of the visceral and 
parietal layers of the pleura of both lungs. 

Dr. Taytor: Effective pulmonary elastic re- 

il is mainly dependent upon a well-function- 
ig total pulmonary elastic network with 

mtinuity of all elastic fibers; smooth muscle 

' bronchi and bronchioles has a lesser role. 

do not believe that obliteration of pleural 

vities plays a role in the development of 

‘fuse pulmonary emphysema. Normally these 

vities are only potential spaces. After a 

est cage relaxes during expiration, pulmo- 
1 ry elastic recoil may occur as well with 


adherent pleural surfaces as when they are not 
adherent. With inspiration and expiration the 
visceral pleural surfaces slide over the parietal 
pleural surfaces. With pleural adhesions or 
obliteration of pleural cavities, this loss of 
mobility of the visceral pleura might result in 
some local abnormal tensions leading to focal 
emphysematous lesions but I would not expect 
it to be of any significance in the development 
of diffuse pulmonary emphysema. 


Autopsy FINDINGS 


Dr. Taytor: The anatomic lesions were almost 
classical. I shall outline them briefly so that we may 
devote more time to a consideration of 2 fundamental 
problems illustrated by this case: 1. What is known 
about the pathogenesis of pulmonary emphysema? 
2. What is our present knowledge concerning pulmo- 
nary hypertension, pulmonary arteriosclerosis, and 
cor pulmonale? 

On gross examination, both lungs showed marked 
diffuse emphysema with numerous subpleural blebs. 
The emphysema was symmetrie¢ally distributed and 
affected all lobes equally. There was slight uniform 
dilatation of all bronchi. The pleural spaces were 
obliterated by fibrous adhesions. 

The source of the massive hemorrhage was a 
saccular arteriosclerotic aneurysm of the aortic 
arch that ruptured into one of the emphysematous 
blebs and filled part of the lungs and tracheobron- 
chial tree with blood. This was an unexpected find- 
ing and evidently unrelated to the cardiac and pul- 
monary disease. 

The heart weighed 510 Gm. and showed con- 
spicuous right ventricular hypertrophy and dilata- 
tion. There was moderate left ventricular hyper- 
trophy. Severe arteriosclerotic and atheromatous 
changes were present throughout the pulmonary 
arterial system. Stigmata of chronic pulmonary as 
well as chronic systemic venous congestion were 
observed. 

Microscopic examination of the lungs showed a 
tubular form of mild bronchiectasis with con- 
spicuous hyaline thickening of the basement mem- 
branes of bronchi. There was mild active chronic 
inflammation of the mucosa of the large and medium 
sized bronchi. A great deal of dark granular pigment 
was scattered throughout the interalveolar and inter- 
lobular interstitial tissues. Considerable fibrosis ac- 
companied the pigmentary deposits but there was 
no specific relation between the increase in fibrous 
tissue and the dilatation of alveoli, many of which 
had defective walls that led to the formation of large 
saccular blebs consisting of intercommunicating 
alveolar spaces. The accumulation of nonsilicotic 
pigment of the type found here probably represents 
a result rather than a cause of the primary disease 
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process. In addition, there were very severe arterio- 
sclerotic changes in the small and medium-sized 
arteries. The lumina of these vessels were rather 
uniformly reduced in caliber by conspicuous con- 
centric fibroelastic thickening of the intima with 
occasional small atheromatous plaques. The findings 
are consistent with the diagnosis of senile emphy- 
sema, chronic bronchitis, bronchiectasis, pulmonary 
fibrosis, anthracosis, and pulmonary arteriosclerosis 
associated with pulmonary hypertension and cor 
pulmonale. 


DIscussION 


Dr. Scuick: What is the current idea as to 
the pathogenesis of diffuse pulmonary emphy- 
sema of this type? 

Dr. Tay or: There is an extensive literature 
concerning altered pulmonary function in 
emphysema and the application of various 
complex tests of pulmonary function for diag- 
nosis of pulmonary emphysema. Unfortunately, 
there has not been a concomitant series of 
studies related to the pathogenesis of the dis- 
ease. Consequently, we now have many 
complex methods for diagnosing a condition 
that is poorly understood in terms of etiology 
and pathogenesis. 

I believe that the structural and functional 
integrity of pulmonary elastic tissue should re- 
ceive more consideration. There are many 
conflicting opinions concerning elastic tissue 
in pulmonary emphysema. I would like to 
spend a few moments illustrating a probable 
explanation for these conflicting opinions. The 
central drawing in figure 1 illustrates the rela- 
tively large ovoid 3-dimensional structure of a 
sacculus alveolaris. This drawing is based upon 
material described by Miller? who studied re- 
constructions of serial sections of air spaces 
from 2 normal lungs (1 infant and 1 adult). 
The studies of the 2 normal lungs by Miller 
are the only reported studies of pulmonary 
elastic tissue that I think are adequate. As 
seen in the drawing, delicate elastic fibers sur- 
round and enclose the spheroid alveoli and 
adjacent structures in a loose meshwork of 
elastic tissue. Continuity of elastic fibers and 
fixation at points of termination are mandatory 
for proper function of these meshworks. A con- 
ventional (5 «) microscopic section is illustrated 
in the upper photomicrograph of figure 1. It 
has been stained to show elastic tissue. The 


Fig. 1. Central drawing illustrates — relatively 
large (0.3 mm.) ovoid, 3-dimensional structure of a 
sacculus alveolaris based on material described by 
W. S. Miller Upper photomicrograph illustrates 
small inadequate sample in a conventionally sec- 
tioned microscopic section that is specially stained 
for elastic tissue. Lower photomicrograph illustrates 
well-preserved elastic network of 2 mm.-thick section 
of lung after chemical dissection according to method 
of Hass.° 


elastic tissue in this section appears as small 
black dots or short, ‘‘rod-like,” cross or diagonal 
sections through elastic fibers. The zone be- 
tween the 2-horizontal lines in the central 
drawing represents the small amount of tissue 
sampled by a conventional microscopic section 
such as that shown in the upper photomicro- 


graph. 


Dr. Pauw: Have not many pathologists b: en 
satisfied with this method of studying ela-'ic 
tissue? 

Dr. Taytor: We do not believe it is possi \le 
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-valuate the structural integrity of a pulmo- 

y elastic network by taking random stand- 

| microscopic sections through its 3-dimen- 

ial network of interconnected and func- 
ially integrated elastic fibers. All one has in 
iventional microscopic sections are several 
ss sections through elastic fibers that 
ually make up an ovoid meshwork like a 
all, loosely woven basket. There could be 
iny breaks in continuity in the elastic mesh- 
rk and none might be apparent in a con- 
ntional microscopic section, even though it 
is specially stained for elastic tissue. Attempts 
evaluation of elastic tissue by study of 
‘sndom 5-10 uw sections seem useless to me. 

Dr. Scuick: Do you have any better sug- 
gestions? 

Dr. Taytor: I think so. The lower photo- 
micrograph illustrates pulmonary elastic tissue 
isolated by a method that Dr. Hass described 
in 1942.° He originally employed it for chemical 
isolation of arterial elastic tissue in its struc- 
turally unaltered state, and used it to study 
the changes in aortic elastic tissue associated 
with increasing age. We are currently applying 
this technic in a study of elastic tissue in normal 
and emphysematous lungs. The section illus- 
trated in the lower photomicrograph of figure 1 
has a thickness of 2 mm. and gives an excellent 
3-dimensional picture of connecting function- 
ally integrated elastic fibers and fibrils that 
make up the elastic meshwork or basket-like 
structure of alveoli, bronchi, bronchioles, and 
intrinsic vessels. Laborious reconstruction of 
serial sections may represent a better method 
than the chemical method mentioned above, 
but in the past 60 years there have been only 2 

‘onstruction studies. Certainly Dr. Hass’ 
emical method for isolation and study of 
stic tissue is a practical method for 3-dimen- 
ial evaluation of thick segments of pulmo- 
‘vy tissue. We should be able to study a good 
ies of normal and diseased lungs in a rela- 
ely short period of time and determine 
ether pulmonary emphysema results from a 
inge in the quality, quantity, continuity, or 
sile strength of elastic tissue. It may even 
possible to demonstrate limitation of its 
ction due to splinting of the elastic networks 
inelastic collagenous scar tissue. 


Dr. Pau: Does this approach imply that all 
forms of emphysema have the same patho- 
genesis? 

Dr. Hass: No, Dr. Paul, there are several 
types of emphysema, some with well-estab- 
lished causes but I am assuming that our 
interest centers about the type known as 
senile emphysema that is present to some 
degree in every aged person. It tends to be 
more severe when complicated by an indolent 
chronic bronchitis of the type found in this 
case. Relaxation of pulmonary structure and 
loss of its capacity to return in the elastic sense 
to its normal volume seem to be important in 
the pathogenesis. These changes may be at- 
tributed to a decrease of elasticity of the elastic 
tissue of the lungs, to a relaxation of elastic 
tissue, or to the imposition of new fibrous 
splinting elements that prevent elastic recoil or 
its proper integration. Chronic inflammation of 
bronchopulmonary structure certainly favors 
the progression of these changes and actually 
may occur secondarily after some emphy- 
sematous changes have developed. 

Dr. Pau: We are willing to admit these 
possibilities, but wherein are they related to a 
process of aging—a process of senility? 

Dr. Hass: Certain parallelisms may be 
drawn between changes that might be occur- 
ring in the lungs and changes that occur else- 
where in elastic and fibroelastic tissues during 
advancing age. We are familiar with the in- 
creasing elongation and tortuosity of arteries 
in the aging person. Actually, senile arterio- 
sclerosis is characterized not only by atheroma- 
tosis but also by the deformation of walls of 
arteries due to irregular dilatation, elongation, 
and tortuosity. An analysis of this effect of age 
was made some time ago to determine whether 
the changes were due to a loss of elasticity of 
elastic tissue.!° When aged arteries that were 
abnormally tortuous and dilated were subjected 
to procedures that extracted all components of 
the arterial wall, except elastic tissue, some 
interesting observations were made.° The first 
observation was that as soon as all nonelastic 
components were dissolved away during ex- 
traction, the artery retracted to its youthful 
length and caliber. 

Dr. Scuick: Do you mean that the elastic 
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tissue of the rigid arteriosclerotic senile aorta 
still is elastic when it is freed from other 
tissues? 

Dr. Hass: Elasticity of an artery or aorta, so 
far as elastic recoil of its elastic tissue is con- 
cerned, is as good in an aged person as in a 
child. Furthermore, if isolated elastic tissue of 
an artery or aorta is extended and its capacity 
to retract to its resting dimension is meas- 
ured, aged elastic tissue exhibits essentially the 
same elasticity as elastic tissue of the newborn 
child. Elasticity of pure elastic tissue of an 
aged artery, therefore, is identical with that of 
a youthful artery. 

Dr. ScHWEITZER: Does this mean that the 
senile changes in the aorta occur primarily in 
the extraelastic tissues? 

Dr. Hass: No, Dr. Schweitzer. Further 
study of isolated elastic tissue from aged 
arteries indicated that there was a difference 
between this tissue and the elastic tissue of 
youthful vascular walls. The principal differ- 
ence was that elastic tissue of aged arteries did 
not have, per unit cross-sectional area, as much 
tolerance to a breaking load as elastic tissue 
isolated from young arteries. This seemed 
referable to 2 changes. One was the formation 
of discontinuities in aging elastic membranes 
and networks. The other change was due to 
imperfections often with calcification in aging 
elastic networks that preceded formation of 
discontinuities. Thus, when tension was placed 
upon an aged network of arterial elastica, it 
had to be supported by less functionally intact 
elastic tissue than in the young network be- 
cause of discontinuity of structure among the 
various membranes and fibers. This indicated 
that elongation of arterial walls and their dis- 
tention with increasing age were probably 
secondary to deteriorative factors that led to 
the formation of discontinuities in elastic 
tissue. A careful study of these foci of real and 
impending discontinuity showed that an in- 
crease in the amount of fibrous tissue occurred 
around them. The increase in fibrous tissue was 
in the nature of splints composed of col- 
lagenous fibers and the amount of splinting of 
the foci of discontinuity increased with increas- 
ing distention and elongation of the vessel. 
This seemed to be a reaction on the part of 


cells of the arterial wall to form enough fibro:ys 
tissue to make up for the deficiency of elas: ic 
tissue. This increase in fibrous tissue led tc a 
fixation in extension of the weakened elas 
network. Therefore, the decrease in elasticity 
the aged arterial wall was due to imposition 
fibrous restraints on the elastic tissue and 1 
to any loss of elasticity of elastic tissue or : 
appreciable decrease in its quantity. 

Dr. Scuick: Are you suggesting that soi 
thing similar to this may not only reduce 
elasticity of the lungs but also lead to loss 
tone, relaxation, and fibrosis of alveolar w: 
in senile emphysema? 

Dr. Hass: We have adopted the view tl 
loss of elasticity in the lung in the senile for 
of emphysema may be referable to chang.s 
similar to those that affect the elasticity of the 
aging arterial wall. In the lung, however, 
elastic tissue is not restricted to vascular wails 
but is spread throughout the interstitial tissues 
in alveolar walls, around bronchial walls, and 
in the walls of bronchi. We assume that any 
quantitative study of elastic tissue would not 
be useful because it has been of little value in 
the analysis of changes in senile arterial walls. 
A study designed to remove all tissue except 
elastic networks from pulmonary structure 
with subsequent analysis of the isolated elastic 
tissue in 3 dimensions by carefully selected 
physicochemical methods would doubtless 
furnish some information’ of value that could 
be correlated with symptomatology of patients. 
Methods for making such a study are avail- 
able.’ Some modifications may be necessary in 
applying them to pulmonary tissue. 

Dr. Taytor: Do you believe that one aspect 
of the pathogenesis of loss of elasticity might 
be related to the influence of hypercholestero- 
lemia on the processes of regeneration and re- 
pair of fibroelastic tissues? 

Dr. Hass: A word may be said about th 
possibility. There is a fibroelastic intimal re 
pair following injury to the media of arteries 
The repair of fibroelastic tissue in the hype 
cholesterolemic rabbit is sluggish in comparis‘ 
with that which occurs following identi: 
medial damage in normecholesterolemic ai 
mals.'' Therefore, the hypercholesterolen 
animal is less able than a normal animal 





CHRONIC PULMONARY EMPHYSEMA AND COR PULMONALE 


rey air arterial injury by formation of fibro- 
el: stic tissue. The regulation of formation, re- 
p: r, and regeneration of elastic tissue under 
al v condition is unknown. Furthermore, factors 
t} t lead to deterioration of elastic tissue in 
y. ‘ious diseases are poorly understood. Perhaps 

veriments designed for the specific purpose 
| defining relations between hypercholestero- 

iia, calcification, and degeneration of elastic 
i-sue should be done. 

Dr. PauL: What about the relation between 

- structural changes that you described and 

: circulation in the lungs? 

Dr. Hass: There is a speculative matter 
scidom referred to in discussions of this kind. 
That is the possible interference in the exchange 
and diffusion of gases asa result of deteriorative 
and secondary sclerosing changes in the sup- 
porting tissues of the alveolar wall. Changes in 
the interstitial tissues may greatly influence 
the movement of gases. This might be a much 
more important factor in pulmonary emphy- 
sema and pulmonary hypertension than is 
generally recognized. There can be no question 
that the circulation of the blood and lymph 
suffers from the interstitial changes occurring 
in senile emphysema. 

Dr. Paun: Are you referring to the reduced 
size of the capillary bed available to pick up 
oxygen? 

Dr. Hass: I am referring to the modification 
in anatomic structure as a result of deformation 
and rupture of elastic tissue with secondary 
interstitial fibrosis. I am assuming that nor- 
mally there is a perfect relationship between 
capillary, alveolar wall, and the flow of gases 
in the alveolar space. At least, a perfect rela- 
tionship would be necessary for optimal 
gseous exchange. If the alveolar wall happened 
to be modified by an increment of collagenous 

sue secondary to defective elastic tissue and 
stricted elasticity, the mobility of blood and 
change of gases might be seriously impaired 
en though anatomic changes seemed insig- 
icant. 

Dr. Pau: You do not then believe that the 

e of the capillary bed may be critically re- 

ced? 

Dr. Hass: I am not certain that a limited 

luction in the volume of the capillary bed 


would be important. An entire lung can often 
be removed without incapacitating the patient 
appreciably. I have never been able to corre- 
late the so-called overdistention of alveolar 
spaces or reduced elasticity of the lung with the 
variable and often severe symptomatology of 
patients with senile emphysema. There is 
doubt in my mind that the difficulty is entirely 
mechanical. It is certainly not quantitatively 
related to the reduction of the number of capil- 
laries, as judged microscopically. 

Dr. Pau: Is not a fundamental difficulty 
the lack of ability to ventilate the alveoli? 

Dr. Hass: There must be some reason, how- 
ever, for the difficulty that you propose. The 
difficulty might lie within tissues of the alveolar 
wall and alveolar ducts. In other words, for a 
proper exchange of gas to occur there should 
be a proper anatomic and functional relation- 
ship of all participating elements. The changes 
in pulmonary structure associated with emphy- 
sema in the elastic and structural sense may 
create inefficient arrangements in the alveolar 
wall. There is, at least in some cases, a change 
in the collagenous content with an increased 
rigidity, relaxation, and discontinuity of the 
walls of alveoli. This often is associated with a 
change in the relation between the capillaries 
in the wall and the gases in alveolar spaces. 
Whether this is primary and significant or 
secondary and insignificant is unknown. 

Dr. Taytor: Respiratory physiologists do 
employ methods for separate evaluation of 
pulmonary ventilation, diffusion, and circula- 
tion. The mixing of practically insoluble gases, 
such as nitrogen and helium, is employed for 
ventilation studies. Carbon monoxide is used 
for evaluating diffusion and nitrous oxide for 
measurements of circulation.® 

Dr. ScHweitTzER: Do you believe that the 
function of the capillary bed of the lungs is 
closely related to the composition and function 
of the fibroelastic tissues that surround the 
sapillaries? 


Dr. Hass: It is not reasonable to take any 
other view. The importance of the structure 
that supports vascular endothelium is becoming, 
more significant in analysis of capillary func- 
tion. The opinion is often expressed that all 
‘apillaries are alike. This is not true. All capil- 
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laries may look alike but all capillaries are far 
from being alike. 

Dr. Paut: In what sense, anatomically, 
physiologically, or histologically? 

Dr. Hass: Current views with respect to 
capillary beds differ from older views that were 
rigidly mechanistic even to the point of allocat- 
ing a standard bore size and permeability to all. 
Actually, permeability of all capillary beds is 
not the same. Functions of capillaries are not 
only governed by capillary endothelium but 
also by the environment in which the capillary 
endothelium finds itself. This environment is a 
very complex and integrated one in most 
organs, so that it would seem unwise to look 
upon all capillary beds as having identical 
properties or even responding to the same 
stimuli. Hence, in a consideration of the syn- 
drome of senile emphysema with pulmonary 
hypertension and cor pulmonale, strict atten- 
tion should be paid to changes in the tissues 
around the capillaries rather than to reduction 
in the number of capillaries alone. 

Dr. Scuick: I gather that you would prefer 
that more work be directed toward an analysis 
of pathogenesis of emphysema rather than the 
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Fic. 2. Diagrammatic illustration of bronchial 
and pulmonary circulations. 1. Capillaries of visceral 
pleura that receive blood from both the pulmonary 
and bronchial arteries. 2. Capillariesof alveoli, al- 
veolar ductules, bronchi, and bronchioles, which all 
flow into the pulmonary vein. 3. Capillaries drained 
by true bronchial veins. Bronchial veins supply 
venous drainage for only first and second order 
bronchi. 4. Mediastinal capillaries. Extrapulmonary 
branches of bronchial arteries flow into these capil- 
laries. 


results of emphysema as defined by study of 
the flow of blood and gases. 

Dr. Hass: The problem of senile pulmona y 
emphysema can be approached by other mea is 
than studying the composition and flow jf 
gases and blood. These matters would seem 0 
be secondary and unrelated to the path »- 
genesis. If the pathogenesis lies in a prima y 
bronchitis with secondary changes in t e 
alveolar structure, as implied by Dr. Paul, te 
problem of prevention of the disorder and © s 
progression is well defined at once. If t!e 
pathogenesis lies in a primary modification >f 
interstitial tissue of the lung with seconda: y 
bronchial, vascular, and cardiac chang 
further study can be directed to determine t! e 
cause of the modification and reasons why t 
does not follow the same quantitative pattera 
in all aging people. A study of the latter type 
should not require elaborate respiratory labors 
tories, at least in the initial stages of the in- 
vestigation. Dr. Taylor is not entirely in agree- 
ment with me in this area. Perhaps he could 
prove his point by a little discussion of the 
pulmonary circulation. 

Dr. Taytor: Figure 2 diagrammatically 
illustrates the dual circulation of the lungs. 
In normal lungs about 99 per cent of blood 
passing through the lungs is from the right 
side of the heart and flows through the pulmo- 
nary arteries at a mean pressure of 13 mm. of 
Hg; the remaining 1 per cent is from the left 
side and flows through the bronchial arteries 
at a mean pressure of 100 mm. Hg. Note that 
most of the bronchial arterial bed fuses with 
the pulmonary arteriolar and capillary bed 
and that in the lung these 2 arterial systems 
have a common venous return. Both the lungs 
and the liver have dual blood supplies. Nor- 
mally both organs have well balanced, high 
flow with low pressure and low flow with high 
pressure inflow vascular beds that fuse at 
‘apillary and precapillary level. In chronic dis- 
axases with scarring, both organs have a pr 
pensity to develop hypertension in the hig! 
flow, low pressure vascular bed. 

Dr. Paut: Are we to believe that involv 
ment of the vascular bed of the lung by sca 
tissue is the cause of pulmonary hypertensio! 
in senile emphysema? 
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yr. TayLor: I will answer this question by 
: nging out a few points concerning our present 
wwledge of changes in the pulmonary circula- 

n accompanying some chronic pulmonary 

sases. This subject has been discussed more 
tensively previously.”:'% The 2 arterial 
stems in the lung with widely divergent 
essure and flow characteristics are intercon- 

1 ected arterial systems. Capillary anastomoses 
well as small arteriolar anastomoses between 
em have been demonstrated in normal 

ngs.' Anastomoses as large as 500 yw in di- 
~neter between pulmonary arteries and veins!® 
and large anastomoses between bronchial and 

vulmonary veins* have also been demon- 

rated. There are several teleologic reasons for 
these various vascular anastomoses and there 
may be a number of unknown important 
reasons for their presence. In chronic pulmo- 
nary disease, however, the overdevelopment of 
the anastomoses between the bronchial and 
pulmonary arteries into large vascular fistulae 
appears to alter seriously the pulmonary circu- 
latory dynamics. It appears that, as oblitera- 
tion or constriction of small arteries, arterioles, 
and capillaries develops in chronic pulmonary 
disease, these shortcircuiting vascular fistulae 
enlarge. It has been suggested, and there is 
good evidence to support it, that pulmonary 
hypertension is due to a markedly increased 
bronchial arterial flow (with a mean pressure of 
100 mm. Hg) that enters the pulmonary arterial 
bed (mean pressure, 13 mm. Hg) through en- 
larged anastomotic channels and elevates its 
pressure.” 

Dr. Epwarps: Do you think that the over- 
development of the bronchial arteries and their 
collateral anastomoses serves any useful 
purpose? 

Dr. Taytor: Collateral blood channels are 
of value when they supply a new route for de- 
‘very of blood to a capillary bed. When they, 

s in the enlarged bronchial-pulmonary arterial 
nastomoses, act only as vascular fistulae 
hrough which previously oxygenated systemic 
rterial blood flows in a circle and returns to 
he left heart and also leads to an elevation of 
\e pressure in pulmonary arteries, they are not 
seful collateral blood channels. I have not 
een able to appreciate the value of the de- 


velopment of these shortcircuiting vascular 
fistulae and have raised the question as to 
whether man would not be better off if the 
bronchial arteries were separated from the 
systemic circulation." 

Dr. TRUEHEART: Are not the mechanisms 
concerned in the pathogenesis of pulmonary 
hypertension known and, if not, do you have 
any views on this subject? 

Dr. Taytor: Although there is as yet no 
experimental evidence to support it, it is 
tempting to implicate the vasoconstrictive re- 
sponse of the pulmonary arteriolar and capil- 
lary bed to hypoxia and the diametrically 
opposite (vasodilatory) response of the bron- 
chial arteries to hypoxia in the genesis of 
pulmonary hypertension. The above physio- 
logic responses have been well documented in 
several animals and in man; they have been 
reviewed elsewhere.'* As an example, in pulmo- 
nary emphysema, occlusive and constrictive 
lesions in small peripheral arteries and arteri- 
oles may result from the combined effects of 
spasm from hypoxia and superimposed vascu- 
litis and thrombosis from infection or other 
causes. Periods of spasm of the pulmonary 
vascular bed may cause sufficient ischemia to 
result in decreased resistance to infection and 
vasculitis with subsequent thrombosis and 
vascular scarring. It is likely that, if pulmo- 
nary arteriolar walls are not subjected to bouts 
of hypoxia and spasm, they are much less 
susceptible to development of vasculitis and 
thrombosis. For obstructive vascular disease to 
occur, periods of vascular spasm and chronic 
infection probably both have to be present. 
The bronchial arterial system dilates during 
hypoxia and with this type of response the 
bronchial arterial system appears to be pro- 
tected from ischemia of the wall, vasculitis, 
and thrombosis. The many-fold increase in the 
size of bronchial arteries and the rate of flow 
of blood through them in emphysema and 
other chronic pulmonary diseases imply that 
this arterial system thrives in the presence of 
hypoxia and chronic infection. 

Dr. Epwarps: Is there a definitive treat- 
ment for pulmonary hypertension? 

Dr. Taytor: If pulmonary hypertension is 
due to chronic disease in one lobe or one lung, 
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with vascular changes in the diseased tissue 
causing hypertension in the entire pulmonary 
arterial bed, resection of the diseased tissue 
might correct pulmonary hypertension if it has 
not been present too long and caused diffuse 
irreversible arterial changes. There are some 
very interesting studies on a case surgically 
treated for unilateral bronchiectasis.” 

Dr. Epwarps: How about patients with dif- 
fuse pulmonary disease such as this case? Is 
there any definitive treatment for cor pulmo- 
nale in cases of this type? 

Dr. Taytor: There is no definitive treatment 
at present but I believe that, sometime in the 
future, cases with diffuse pulmonary disease 
and cor pulmonale may be treated by separa- 
tion of the bronchial arteries from the systemic 
circulation. The bronchial arteries would not 
become obliterated but would continue to 
supply blood that entered them from pulmo- 
nary arteries through their anastomoses. 
Several years ago it was demonstrated in this 
laboratory that lungs and bronchi of both dogs 
and man survive and function normally after 
bronchial arteries have been completely 
severed from the systemic circulation.'® Since 
anastomoses between bronchial and pulmo- 
nary arterial systems are much larger in dis- 
sased lungs, there should be an abundance of 
blood entering the bronchial arteries from the 
pulmonary arteries for the nutrition of bronchi. 

Dr. Brown: Do you think that severance of 
the bronchial arteries from the aorta would be 
well tolerated by patients? 

Dr. Taytor: I have pointed out that in both 
dogs and man, with normal bronchopulmonary 
vascular beds, severance of the bronchial artery 
from the aorta was accomplished without 
moment. However, I think that more experi- 
mental work is indicated. Unfortunately, we as 
yet have not studied experimental animals 
with chronic pulmonary disease and cor pul- 
monale for evaluation of this problem. 

Dr. CLasEN: Would the pulmonary hyper- 
tension and the strain on the right heart be 
corrected? 

Dr. Taytor: We will have to wait for a 
definite answer but it seems probable that 
separation of enlarged bronchial arteries from 


the aorta should reduce the elevated pulmons 
arterial pressure. Not only would the strain « ) 
the right ventricle be reduced, but also 4 
rather large burden on the left side of ¢ 
heart would be eliminated. The large volun» 
of already oxygenated blood flowing throu; 
the bronchial arteries then through the smal! 
pulmonary arteries and the pulmonary vei: 
back to the left atrium would no longer | 
able to traverse this apparently useless circu! 
flow pattern. 

Dr. CLasen: Do you think that separati: 
of bronchial arteries from the aorta might i 
fluence the rate of development of pulmona: 
arteriosclerosis? 

Dr. Taytor: If separation of the bronchi 
arteries from the aorta resulted in a significa: 


decrease in the mean pulmonary arterial pre 


sure, this procedure might very well have 
favorable influence upon the obliterative 
arterio-atherosclerotic changes that affect th 
pulmonary arteries and arterioles in emphy 
sema. In all cases of long standing pulmo 
nary hypertension, regardless of the causa 
tive mechanism, we find considerably more 
pulmonary arteriosclerosis and atherosclerosis 
than is found in comparable cases without 
pulmonary hypertension. Undoubtedly at least 
some of the pulmonary arteriosclerotic changes 
are due to the pulmonary hypertension. 

In summary, we have presented and dis- 
cussed a case demonstratirig chronic pulmonary 
disease with senile emphysema, chronic bron- 
chial disease, cor pulmonale, and terminal rup- 
ture of an arteriosclerotic aneurysm of the 
aorta. Some of the clinical and physiologic 
implications suggested by this case have been 
presented. 
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Arch. Path. 53: 419, 1952. 
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sis and functional implications of collateral 
circulation of the lungs. Yale J. Biol. & Med. 
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Rotta, A., Canepa, A., Hurtado, A., Velasquez, T., and Chavez, R.: Pulmonary Circulation at Sea 
Level and at High Altitudes. J. Appl. Physiol. 9: 328 (Nov.), 1956. 


Since the demonstration of the pulmonary hypertensive effect of an acute and temporary period 
of anoxia in animals and in man, considerable interest has been focused upon the influence of 
anoxia when it is constant in nature. Persons living at an altitude of 14,900 feet had a moderate 
degree of pulmonary hypertension, which was more accentuated in permanent than in temporary 
residents. Since the cardiac output was normal, it could be eliminated as a cause for the hyper- 
tension. Pulmonary vasoconstriction was unlikely because autopsies performed on healthy men 
killed accidentally revealed marked dilatation of the vascular bed of the lungs. Prolonged anoxia 
caused polycythemia with an increase in pulmonary blood volume. An elevation in the blood 
viscosity was believed to be the ultimate cause of the increased pulmonary vascular resistance. 
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The Interpretation of the Unipolar Electrocardio- 
gram. Gordon B. Myers. St. Louis, The C. V. 
Mosby Company., 1956, 164 pages, 24 illustra- 
tions. $4.75. 

This is a volume of 164 pages, including the index. 
It is bound in flexible covers and is illustrated with 
24 diagrammatic line drawings explaining the electric 
activity of the heart. It is an ‘‘outgrowth of previous 
manuals prepared to supplement the Graduate 
Course in Electrocardiography given at Wayne 
University College of Medicine for many years. 
The only basic physics included is that considered 
essential to the interpretation of the tracing.” 
“The vast literature has been utilized freely as a 
background, but individual references have not 
been cited in order to conserve space.”’ 

The chapters include discussions of the relation 
of the electrocardiogram to mechanical and electric 
events, the origin and form of normal and abnormal 
QRS-T complexes, disorders of rate and rhythm, 
and a summary of patterns correlating the electro- 
cardiogram with clinical states and drug actions. 

The presentation is condensed and clinical in 
nature. It includes all that an internist needs to 
know about present-day unipolar electrocardiog- 
raphy, and the cardiac expert would be well 
equipped in this field if he were thoroughly familiar 
with all the information in this book even though it 
is purposely elementary in some respects. The older 
terminology of “auricle” instead of “atrium” is 
generally employed—possibly a wise usage in this 
edition during a transition stage of cardiac semantics. 

The contributions of the author to fundamental 
electrocardiography and to teaching are well known. 
He follows the classical tradition of Dr. Frank N. 
Wilson. He does not extract from the electrocardio- 
gram more than is legitimate, recognizing this 
technic as an adjunct to other diagnostic methods. 
This manual can be highly recommended to anyone 
who is ready to discard the traditional leads I, II, 
and III, and to rely upon the superior information 
supplied by the unipolar limb and thoracic leads in 
clinical interpretation of the electrocardiogram. 

Howarp B. SPRAGUE 


Cardiovascular Surgery. Studies in physiology, 
diagnosis and techniques. Proceedings of the 
Symposium held at Henry Ford Hospital, Detroit, 
Michigan. Edited by Conrad R. Lam. Philadelphia, 
W. B. Saunders Company, 1955, 543 pages, 
numerous illustrations. $12.75. 

In 1955, a Symposium in Cardiovascular Surgery 
was held at the Henry Ford Hospital. Participants 
in the symposium included surgeons, physiologists, 
and pediatricians from all over the world. The 
meeting dealt with surgical as well as physiologic 
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and diagnostic aspects of cardiac surgery. A 
discussion of the diagnostic technics, the subj: ts 
of pulmonic stenosis, adjustments between he 
systemic and pulmonary circulation, transposit 
operations, mitral stenosis and mitral insufficier -y 
aortic stenosis and aortic insufficiency, se; ‘al 
defects, cardiac arrest, hypothermia, aneurysms : ad 
occlusive diseases of the aorta, and open-heart ¢ ir- 
gery were discussed, 

Diagnostic technics discussed were cardiac cat 
terization, electrocardiography, and angiocardi.¢- 
raphy. Pulmonic stenosis was dealt with by mos? of 
the outstanding surgeons in this field. Sonderga: rd 
discussed his technic of transarterial valvotony 
performed through the main stem of the pulmonary 
artery. 

The topic ‘adjustments between systemic and 
pulmonary circulation” dealt with changes in the 
pulmonary circulation after birth and the influences 
of intracardiac defects on these changes. The ques- 
tion was discussed whether or not increases in 
pulmonary flow or pulmonary pressure are re- 
sponsible for the presence of pulmonary hyperten- 
sion. The theory was proposed that alterations in 
the pulmonary arteriolar bed accompany changes 
in the right ventricular muscle. 

The symposium on mitral disease was preceded 
by a discussion of the physiologic studies in mitral 
valvular disease. There was a lively panel discussion 
on late results in mitral commissurotomy. After 
dealing with the technics of mitral valvulotomy, 
possibilities of the treatment of mitral insufficiency 
were discussed. There was a separate paper on the 
use of the mitral dilator instruments in the treat- 
ment of mitral stenosis. Several papers were pre- 
sented dealing with the treatment of mitral and 
aortic stenosis and insufficiency; the kinetics of the 
aortic valve as recorded by moving pictures were 
shown and discussed. Two portions of the meeting 
dealt with the surgery of septal defects and with 
aneurysms and occlusive diseases of the aorta. 

Without much doubt, the published proceedings 
of this meeting represent one of the most complete 
coverages of cardiovascular surgery. To this reviewer, 
the most rewarding aspects of the meeting we! 
threefold: 1, it gave a complete coverage of cardia 
surgery, as performed not only in this country bi 
all over the world; 2, there was a close exchange « 
ideas among physiologist and surgeon and _ pedi: 
trician; and finally, the discussion contributed : 
major share to the value of this meeting. 

This is without any doubt a most importan 
reference work, but more than that, it is stimulatin: 
reading. Sir Russell Brock’s delightful and humorou 
foreword represents a comprehensive birdseye vie\ 
of the advances of cardiac surgery. 
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|». Conrad Lam and his helpers from the Henry 
Fo: | Hospital deserve great credit for this excellent 
pu lication. 
RicHarp J. BING 


Di znosis of Congenital Heart Disease. Sven R. 
jellberg, Edgar Mannheimer, Ulf Rudhe, and 
engt Jonsson. Chicago, The Year Book Pub- 
shers, Inc., 1955, 649 pages, 581 figures. $22.00. 
Diagnosis of Congenital Heart Disease” is an 

ex’ aordinary compilation of factual material 
co:.cerning 400 cases seen at the Karolinska Hos- 
piid. Each author has written concerning his 
sp cialty. Mannheimer and Jonsson have together 
wi tten the sections on the physical examination and 
th: phonocardiography and Jonsson has reviewed 
the other clinical investigations including cardiac 
catheterization. Kjellberg and Rudhe have analyzed 
the x-ray and angiocardiographic findings. 

Che first 100 pages are devoted to basic considera- 
tions. The chapter on embryology contains an 
extremely useful collection of basie embryologic 
concepts and classical drawings and diagrams. The 
chapter on cardiae catheterization and that on 
angiocardiography give a detailed account of the 
Swedish technic. 

The presentation of the material on the various 
malformations opens with a statement of the various 
diverse opinions on the subject. Thereafter, the 
authors give their own experiences. Each chapter is 
heavily illustrated by x-rays, angiocardiographs, 
and photographs of gross specimens. The x-rays and 
angiocardiographs are superb. The photographs, 
although technically excellent, have the usual 
fault of not showing the abnormality in relation to 
the heart as a whole. The electrocardiograms are 
strikingly few in number. 

The format of the book is such that it presents 
factual material but it lacks the integration of the 
material into clinical entities. A basic knowledge of 
congenital malformations of the heart is necessary 
in order to use it. No attempt is made to present the 
clinical syndromes or the salient features that might 
aid the clinician to arrive at a diagnosis. Indeed, in 
some instances the clinical findings are not even 
mentioned. There is no discussion of differential 
diagnosis, and treatment is scarcely mentioned. 

Nevertheless, if the physician has a basic knowl- 
e'ge of congenital malformations and wishes to 
kiow the Swedish experience concerning given 
n ilformations, all the information is there and also 
a uumber of useful hints and pointers. Furthermore, 
t' e book is well indexed and has an excellent bibliog- 
r phy. Although it is strictly a reference book, as 
s ch it is superb. 

HELEN B. Taussic 


) . parte finale del ventricologramma (onda “U”’ e 
tratto “TU’’) e la sindrome dei muscoli papillari. 
Diogene Furbetta, Amedeo Bufalari, and Franco 


Santucci. Rome, Societ&é Editrice “Universo,” 

1955, 280 pages, 186 figures. 3,500 L. 

This book is based on a series of animal experi- 
ments (30 dogs) and on clinical observations (selec- 
tion of tracings out of a collection of 11,000). Most 
of the experiments were made through the help of 
hypothermia in order to dissociate the various waves 
of the electrocardiographic tracing. Following 
animal experimentation, the authors conclude that 
the U wave is due to late repolarization of the papil- 
lary muscles and, possibly, of part of the ventricular 
septum or of the base of the ventricular wall. 

A vector analysis of the U wave is made. 

Alterations of the U wave are interpreted as 
indicating functional changes of the papillary mus- 
cles, e.g., a ‘papillary muscle syndrome.”’ This would 
occur in cases with (right or left) ventricular strain, 
following premature contractions, as a result of 
metabolic disorders, or as the consequence of coro- 
nary insufficiency. 

The severe changes of the U wave in the anterior 
myocardial infarct (65 per cent) are explained with 
the exclusive blood supply to the anterior papillary 
muscle by the anterior descending branch. A smaller 
percentage of changes in the posterior infarct 
(28 per cent) is explained by dual blood supply of 
the posterior papillary muscle. 

Even though the conclusions of the authors will 
need confirmation, their thesis is well presented and 
rather convincing. 

The illustrations are clear and the bibliography 
is adequate. 

A. LuISADA 


Cardiac Auscultation, Including Audio-Visual Prin- 
ciples. J. Scott Butterworth, Maurice R. Chassin, 
and Robert McGrath. New York, Grune and 
Stratton, Inc., 1955, 111 pages, 54 figures. $4.50. 
Dr. Butterworth is widely and favorably known 

throughout the United States for his numerous 
contributions to the postgraduate education of 
physicians, especially through the use of audiovisual 
methods. Those who have studied with him and his 
associates in New York must now number many 
hundreds. These and thousands of others should 
find great satisfaction in the knowledge that much 
of the important material developed by this group 
is now available in book form. 

The earlier portion of the book is devoted to a 
description of the audiovisual equipment used by 
the authors in their teaching and investigation, and 
to an illuminating discussion of the physical prin- 
ciples of sound, the origin and modification of the 
heart sounds, and the routine method of auscultation 
of the heart. This section is followed by a detailed 
consideration of the variations in the heart sounds 
in health and disease, the classification and timing 
of murmurs, and disorders of the cardiac rhythm. 
The final chapter, comprising more than a third of 
the volume, contains an authoritative discussion of 




























































































































































































































































































the auscultatory findings associated with each of 
23 clinical entities, most of them illustrated and 
clarified by means of stethograms. 

The book is notable for the clarity of its descrip- 
tions and the beauty of the illustrations. More than 
40 stethograms are reproduced, and even a brief 
study of these makes it easy to believe the statement 
of the authors that “combined audio-visual methods 
offer substantial advantages over what can be 
detected by eye or ear alone.’’ The book is essentially 
clinical; the emphasis throughout is on more accu- 
rate diagnosis. The present reviewer has had the 
privilege of reading the book and also of hearing the 
senior author present much of the same material to 
a large audience of practicing physicians. It must 
be gratifying to Dr. Butterworth to know that the 
book is almost as lucid and fascinating as his ver- 
bal discussion. 

To all who wish to improve their auscultatory 
technic, their understanding of the sounds they 
hear, and consequently their diagnostic accuracy, 
this little book is warmly and _ enthusiastically 
recommended. 


H. M. Marvin 


Life Stress and Essential Hypertension: A study of 
circulatory adjustments in man. Stewart Wolf, 
Phillipe V. Cardon, Jr., Edward M. Shepard, and 
Harold G. Wolff. Baltimore, The Williams and 
Wilkins Company., 1955, 253 pages, 38 figures. 
$7.50. 

This volume describes one aspect of the experi- 
ences of the New York Hospital group in their 
widely ranging study of the relationships between 
life situations, emotional reactions thereto, and 
manifestations of disease. The aspect chosen, 
essential hypertension, is in the particular field of 
interest and achievement of the senior author. 

The observations in 114 selected hypertensive 
patients show that the individual’s responses to the 
challenges of daily life evoke more or less character- 
istic hemodynamic changes. These are more distinc- 
tive when there is “suppression” of emotion. They 
consist in increased arterial pressure, decreased 
renal blood flow, increases or decreases in cardiac 
output and peripheral resistance (respectively the 
norepinephrine and epinephrine-like responses) and 
changes in blood viscosity, all of which tend to 
be more severe and lasting in the hypertensive 
patients than in normotensive subjects in like 
affective situations. Further, whereas sympathec- 
tomy impairs the renal vasoconstrictive response to 
emotional stimulation, it does not alter the pressor 
response. 

The authors do not draw pathogenetic inferences 
from their data, nor do they pretend to have de- 
lineated a characteristic “hypertensive” personality 
type. However, many of their patients show com- 
mon hemodynamic responses and striking parallels 
in their*values and attitudes and their data docu- 
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ment the presumably deleterious effect of emot' 
stress in the hypertensive patient. Psychothe»apy 
seems to have made the patients more comforiable 
as well as secure. Some 12 per cent became no mo- 
tensive during months and years of observation but 
the relationship between this improvement anc the 
therapeutic effort could not be defined. Sucl) re- 
missions tended to be associated with return: to- 
ward normal of hemodynamic and, as it app: ars, 
emotional responses to previously  ‘‘stres- ul” 
situations. The book concludes with a valu ible 


nal 


8 


discussion of the problem of treatment in esse: tial 
hypertension and a brief, comprehensive gei »ral 
summary and formulation of the problem of pa: ho- 
genesis. 

The book is recommended as a valuable m 
graph in the field of hypertensive disease. It 
tribute to the breadth of view and scientific resi rve 
of the authors. There may be some danger should 
those less skilled than the authors encourage their 
patients to hostile self-assertion, as by beating up a 
brother-in-law. The reviewer trusts that something 
less than mayhem may prove as therapeutically 
effective. 

A. C. Corcoran 


Cardiac Diagnosis. A physiologic approach. Robert 
F. Rushmer. Philadelphia, W. B. Saunders 
Company, 1955, 447 pages. 

In general this book like its author is imaginative. 
It is thought-provoking and interesting reading. 
The ingeniously devised diagrams and the use of 
physical principles as applied to problems of cardio- 
vascular physiology remind the reader of George 
Burch’s books on electrocardiography and cardi- 
ology. 

Rushmer is to be applauded for his readable text 
and carefully selected references, for his use of 
concepts such as the Reynolds number in connection 
with the discussion of murmur-genesis, for the entire 
section on congenital heart disease, for the numerous 
sketches most of which he prepared himself, and 
for the use of modern terminology and concepts. 
Atrium, not auricle, and valvular regurgitation, not 
insufficiency or incompetence, are used, although 
occasionally the objectionable words have slipped 
in (e.g., p. 370). The mitral opening snap, most 
sophisticated of auscultatory findings, is accurately 
and fully described. The basis for the characteristic 
contours of “P pulmonale” and ‘P mitrale’’ is 
discussed. The pertinence of physical and engineer- 
ing principles to cardiovascular physiology is 
indicated. “Structural fatigue” is introduced at one 
point. We were interested to find that like us Ru-}- 
mer has found a cylindrical balloon useful for illis- 
trating the operation of Laplace’s law concern: ig 
wall tension (fig. 8A, p. 25). Rushmer points out t! it 
the right ventricle seems architecturally adapted ‘0 
function as a volume pump, whereas the left vi o- 
tricle is structurally best suited to function as a 
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pres ure pump. An analogous distinction is made 
by lectrical engineers detween current generators 
and voltage generators. 

iite naturally, the author has emphasized his 
ow) contributions and those fields with which he 
has first-hand familiarity: the sonvelogram (the 
int: sity envelope of cardiovascular sound), circum- 
fer. 1ee-pressure studies in the aorta, studies by 
me os of radiopaque markers on the heart valves, 
mo .on picture exposition of congenital heart disease, 
ye. ricular diameter studies in the intact animal. 
Th author’s pediatric affiliations are evident in 
ma iy areas such as the section on potential heart 
dis ase and that on congenital heart disease (which 

yreviously indicated is excellent). Only a very 

topics are conspicuous by their absence, e.g., 
pericardial disease with its many fascinating physio- 
logic consequences, pulsus alternans, Cheyne- 
Stokes respiration. Syncope is not mentioned among 
the manifestations of aortic stenosis (p. 358); the 
physiologic basis of this important feature is not 
discussed. In a book with this title, one might expect 
more discussion of the pathophysiologic basis of 
individual manifestations such as dyspnea. We would 
like to see more discussion of the ‘systolic collapse”’ 
phenomenon as basis for many of the physical 
signs of aortic regurgitation. 

A few factual or typographic errors have crept in, 
and a few statements are made with which we would 
take issue: ‘... the pulmonary area (is) centered at 
the third left intercostal space” (p. 222). In the 
statement that ‘dilatation of the ascending aorta 
may be recognized in the right anterior oblique 
position” (p. 354) the impression is created that the 
RAO position is the one of choice for study of the 
ascending aorta. On page 19, in figure 2, the velocity 
of blood flow in the great veins is indicated as very 
nearly equal to that in the aorta. In the section on 
valvular disease the author repeatedly refers to the 
unreliability of sonic phenomena in the diagnosis 
of valve lesions. This view is not in accord with those 
of the reviewers: that cardiovascular sound provides 
the most valuable single diagnostic index in valvular 
disease as well as some other varieties of heart 
disease, that the “unreliability” of sonic phenomena 
is a matter of inexpert interpretation, that there is 
physiologic and diagnostic information in cardio- 
‘uscular sound that has not yet been fully appre- 

iited, developed, and utilized. On page 369: 
‘ omputed values [for resistance, valve-orifice area, 

.] using impressive formulae of this type are 
en purely qualitative and must not be taken too 
iously.” The reviewers believe that attempts at 
thematical formulation should be encouraged 
| object to the use of the word “qualitative” for 
puted values’, which by definition must be 
intitative. 

yn page 229 (fig. 17) the murmur of pulmonary 

nosis is pictured as decrescendo from the first 

ind, whereas in our experience and that of others 


,’ 


it is “Christmas-tree shape,” roughly as pictured 
for aortic stenosis in the same figure. In the discus- 
sion of electrokymography on page 194 mention is 
made of its use, with few other applications, in the 
study of myasthenia gravis! In the legend for figure 
11C (p. 113) “radius of the chamber” should read 
“radius of the fiber.” On page 15 in the sentence 
“”.. the right ventricle is incapable of sustaining the 
high pressures needed...,’ “maintaining” or 
“producing” might be preferable to “sustaining,” 
which gives the impression that the ventricle is in 
risk of rupture. On page 35 in the sentence that 
reads ‘‘the pressure in a rigid tube . . . is determined 
by the vertical distance from the point of measure- 
ment to the top of the fluid,”’ the word “‘rigid”’ con- 
veys the incorrect impression that the situation in 
elastic-walled tubes is different. On page 24 in the 
sentence “this indicates an intimate relationship 
between the pressure and volume of the measured 
aortic segment,” ‘illustrates’ should be substituted 
for “indicates”; the intimate relationship is a fore- 
gone conclusion that requires no proof, only illustra- 
tion. 

On page 339 it is stated that “patients with 
hyperthyroidism sometimes develop apical mur- 
murs simulating mitral stenosis” and on page 315 
that “a definite presystolic murmur is sometimes 
heard.” Although the simulation of mitral stenosis 
by other auscultatory features of the thyrotoxic 
heart is familiar, we have not encountered any 
“definite presystolic murmur’’—such prove in our 
experience to be presystolic gallops or first heart 
sounds of crescendic construction. On page 366 it is 
stated: “The resultant murmur (of mitral stenosis) 
is a low-frequency vibration or rumble, presumably 
because the relaxed left ventricular wall has a low 
natural frequency of vibration.’”’ Although the 
natural frequency of the relaxed ventricle might 
impose a certain selectivity on the vibrations that 
reach the surface of the chest, are not the major 
factors in the low pitch of the murmur of mitral 
stenosis (as opposed to that of aortic regurgitation, 
for example) the lower pressure-gradient across 
the valve and lesser tension on the valvular struc- 
ture? 

In figure 2, page 258, and elsewhere in the book, 
the direction of current flow as indicated by the 
arrows is contrary to the universally accepted 
convention that the electric current external to a 
battery flows from plus to minus. The reviewers 
think it is not entirely unknown (p. 378), or at least 
not unspeculated, why ‘ascites is more prominent 
than peripheral edema in patients with tricuspid 
valvular disease’ (and those with constrictive 
pericarditis). In the legend for figure 2, page 297, 
‘internal elastic media’? should read ‘internal 
elastic lamella.”’ 

The author states that his book is “intended for 
students of medicine in the broadest sense’’—a latter 
day variation on the time-worn “for student and 
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practitioner.” The title notwithstanding, Rushmer 


has written an excellent treatise on cardiovascular 


physiology. A more appropriate title might be 
Cardiac Physiology: an Approach to Diagnosis. 
Vicror A. McKusick anp Epwarp B. BuRKE 


Y 


Cardiovascular Innervation. G. A. G. Mitchell. 
Baltimore, The Williams and Wilkins Company, 
1956, 356 pages, 217 illustrations. $11.00. 

This book describes in great detail the anatomic 
connections of both the sympathetic and parasym- 
pathetic components of the autonomic nervous sys- 
tem to the various components of the cardiovascular 
system, including the heart and all the vascular 
structures in the various organs. The presentation 
includes not only the efferent paths but also data on 
afferent systems and central integrating centers at 
all levels of the central nervous system. 

The book is profusely illustrated with excellent 
gross and microscopic illustrations and schematic 
diagrams of the structures involved and is clearly 
and concisely written a moderate amount of detail 
of the function of the various components of the 
autonomic nervous system is also given. In general 
this information is correct though some details 
should be modified in view of more recent experi- 
mental evidence. 

The book can be highly recommended to anato- 
mists, physiologists, pharmacologists, clinical in- 
vestigators, physicians, and surgeons who deal with 
cardiovascular phenomena and disease, and to all 
other persons interested in exact anatomic informa- 
tion involving the autonomic nervous system. 

Harotp D. GREEN 


Cerebral Vascular Diseases. Transactions of 
Conference held under the auspices of the .\ mer. 
ican Heart Association, Princeton, New J rsey. 
January 24-26, 1954. Irving S. Wright, Chai nan. 
E. Hugh Luckey, Editor. New York, Grun. ani 
Stratton, Inc., 1955, 167 pages. $5.50. 

This volume consists of the edited proceedi: 2s oj 
a conference on cerebral vascular diseases held 
under the chairmanship of Dr. Wright at Prin: +ton. 
N. J., in January 1954 and sponsored by the / mer- 
ican Heart Association. The proceedings have }een 
edited by Dr. Luckey. 

As one might expect, the fourteen sections s: rvey 
the entire contents of the cranial vault begi: ning 
with the embryology and anatomy of the ce: bral 
circulation and ending with the rehabilitation © the 
patient with cerebral vascular disease. 

Each section has been presented by one or : ore 
outstanding investigators and the editor has w sely 
retained much of the discussion following «ach 
presentation. No attempt can be made to review the 
material covered, which is extensive and challenging, 
since many of the questions raised are at present 
unanswered and thought-provoking. 

This should be of great interest to those physicians 
who deal with vascular diseases and particularly 
cerebral vascular disease. While it is above the 
level of the general practitioner, this reviewer 
believes that many physicians with a general type 
of practice will find it stimulating reading and quite 
different from the cut and dehydrated literature of 
the present. 


J. Scorr BurTreRWoRTH 
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ELECTROCARDIOGRAPHY, VECTOR- 
CARDIOGRAPHY, BALLISTOCARDI- 
OGRAPHY. AND OTHER GRAPHIC 
TECHNICS 
Burchell, H. B.: The Selection of Patients for 
Catheterization of the Left Side of the Heart. 
Proc. Staff Meet., Mayo Clinic 31: 105 (Mar.), 
1956. Abstracted, Circulation 15: 352 (Mar.), 

1957. 

Whittaker, S.: Treatment of Heart Failure. Brit. 
\I. J. 2: 937 (Oct. 15), 1955. Abstracted, Circula- 
tion 14: 756 (Nov.), 1956. 


Alhomme, P., Gelin, J., and Facquet, J.: Measure- 
ment of Aortic Pressure by Means of Supra- 
sternal Puncture. Technique and Indications. 
Arch. mal. coeur 49: 320 (Apr.), 1956. 

After appropriate local anesthesia, a lumbar tap 
needle 10 em. long and one mm. outside diameter 
is introduced into the retrosternal space from above, 
its point following the posterior surface of the 
sternum in order to avoid penetration of the veins. 
The angle of the needle is then decreased and the 
point advanced until contact with the pulsating 
aorta is felt, whereupon the aorta is punctured 
oblijuely, the trocar removed and the needle con- 
necied with the electromanometer. In 37 punctures 
there were no complications. Puncture should not 
be -arried out in the presence of aortic calcification 
or yphilis, marked hypertension, or anticoagulant 
tre tment. In 2 cases of obliteration of all large 
art ries (pulseless disease), aortic puncture was the 
on method of determining the true arterial blood 

sure. In cases of aortic stenosis without char- 
istic murmurs it may provide a definite diag- 
as in aortic stenosis the duration of the 
idling branch of the aortic pulse exceeds 0.022 
The interval from beginning of QRS to the 
ining of this pulse was about 0.12 in the illus- 
d normal case and in aortic stenosis. 
LEPESCHKIN 
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Slapak, L., and Hermanek, P.: Experimental Studies 
on the Ergotamine Test in the Rabbit. Ztschr. 
Kreislaufforsch. 45: 377 (May), 1956. 

Previous work of the authors showed that the 
normal electrocardiogram of the rabbit in the limb 
and unipolar precordial leads has the same con- 
figuration as the normal human electrocardiogram. 
Of 16 rabbits with abnormal configuration of T and 
S-T, 9 showed complete normalization of the electro- 
cardiogram within 60 min. after intramuscular in- 
jection of 149 mg. of dihydroergotamine per Kg. 
body weight, while 7 animals showed incomplete or 
absent normalization. In all animals, 3 histologic 
sections were made of the anterior and _ posterior 
walls of both ventricles und the septum, the foci of 
myocarditis were counted, graded 14 to 2 according 
to their size and the sum divided by the total area 
of the sections in square centimeters. The resulting 
“myocarditis index” averaged 4.97 in animals 
whose electrocardiogram was normalized by ergot- 
amine and 8.81 in those where it remained abnormal. 
This shows that while the degree of normalization 
after ergotamine is in general greater when myo- 
carditis is less pronounced, complete normalization 
may occur in the presence of extensive myocarditis. 

LEPESCHKIN 


Hueber, E. F., Thaler, H., and Wick, E.: Disturb- 
ances of the Peripheral Arterial Circulation and 
Their Therapy. I. Rheoangiographic Registration 
of the Effect of Nitroglycerin Preparations in 
Normal Persons. Ztschr. Kreislaufforsch. 45: 432 
(June), 1956. 

In normal persons the longitudinal calibrated elec- 
troplethysmogram of the lower leg, after 2 to 4 drops 
of nitroglycerin under the tongue, shows a constant 
and considerable increase in the amplitude of the 
waves, lasting over an hour. The change in con- 
figuration of the curve was suggestive of decreased 
vascular tonus or opening of the arteriovenous 
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anastomoses. Nitroglycerin ointment, locally ap- 
plied, had no significant effect on the rheoangiogram. 
LEPESCHKIN 


Grant, R. P., and Dodge, H. T.: Mechanisms of 
QRS Complex Prolongation in Man. Left 
Ventricular Conduction Disturbances. Am. J. 
Med. 20: 834 (June), 1956. 

One hundred and twenty-eight cases of QRS 
prolongation to .12 second or more due to left 
ventricular conduction disturbances have been 
collected. In each case 1 or more tracings with 
normal ventricular conduction had been recorded 
at some recent time. The QRS interval was _ pro- 
longed by .05 to .06 second over the control QRS 
duration in the average case. In 23 cases the QRS 
interval was prolonged by more than .08 second. 
Evidence is presented that indicates that incom- 
plete left bundle-branch block must be rare as a 
stable form of QRS prolongation and that it has not 
yet been proved ever to take place in man. 

In one-third of the 128 cases no change in the diree- 
tion or magnitude of the forces during the first .03 
to .04 second of the QRS interval occurred with QRS 
prolongation. Therefore, left bundle-branch block 
cannot have been the cause of ORS prolongation 
in these cases. Half of the cases of this type have 
the QRS deformity of myocardial infarction in the 
control tracing. The QRS prolongation in these cases 
is shown to be related to peri-infarction block. Most 
cases of left ventricular conduction disturbance 
with a Q wave in lead I prove to be due to peri- 
infarction block with prolongation rather than to 
left bundle-branch block with septal infarction, as 
is generally believed. The other cases in which there 
had been no change in initial QRS forces when 
prolongation developed showed varying degrees of 
left ventricular strain pattern in the control tracing. 

Further hypertrophy accounted for the prolonga- 
tion in certain of the cases and probably peri-infarc- 
tion prolongation accounted for it in others. The 
similarity between left ventricular “strain” and 
anterolateral infarction with peri-infarction block 
is emphasized. 


Harris 


Grosse-Brockhoff, F. Miirtz, and Weiss, W.: 
Registration of Intracardiac Pressures with Par- 
ticular Reference to the Frequency Response 
Problem. Ztschr. Kreislaufforsch. 45: 423 (June), 
1956. 

Direct determination of the resonant frequency 
of the pressure transducer showed that this fre- 
quency decreased on the average 10 times when the 
cardiac catheter system was connected to it. With a 
membrane of 0.2 mm. thickness and complete 
filling of the transducer, the highest resonant fre- 
quency of the entire system was 40 c.p.s. It was not 
influenced by temperature changes between 20 and 
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45 C. Under these conditions the displaceme it of 
the system for a pressure of 100 mm. Hg wa: 0.25 
mm.* Curves are given for graphic determinat 
the relation between this displacement, th: 
quency and the amplitude of resonant vibratic 
LEPESCHi IN 
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Kunos, I.: The Value of the Cardiogram i: the 
Diagnosis of Stenosis of the Great Ve 
Ztschr. Kreislaufforsch. 45: 217 (Mar.), 19.6 
The cardiogram (precordial pulsation 

registered by means of a linear crystal micro 

in the suprasternal fossa and in the second 
interspace at the sternal edge, showed a sy 
plateau in 8 cases of aortic stenosis. Coarse vibra ions 
were superimposed on this plateau. A similar ps: tern 
appeared in the second right interspace at the st: rnal 
edge in 8 cases of pulmonary stenosis. These fin: ings 
did not appear in normal persons. 


ione 
ight 
olie 


LEPESCHK | N 


Dittmar, A., Friese, G., and Nusser, E.: Treatment 
of Ventricular Standstill in the Syndrome of 
Morgagni-Adams-Stokes by Means of an Electric 
Pacemaker. Ztschr. Kreislaufforsch. 45: 416 
(June), 1956. 

In 2 cases of complete atrioventricular block with 
very low ventricular rate the Adams-Stokes seizures 
could be eliminated by using a cardiac pacemaker 
with 1 electrode consisting of a blunt needle, in- 
sulated up to its point, inserted up to the peri- 
cardium through a trocar in the left fourth 
interspace. This stimulation is not accompanied by 
muscle twitching or painful sensations. Stimulation 
was carried on until the spontaneous ventricular 
rhythm could be re-established with sublingual 
medication of isopropyl-norepinephrine. This medi- 
cation led to appearance of sinus rhythm in both 


eases. 


LEPESCHKIN 


Wasserman, F., Choquette, G., Cassinelli, R., and 
Bellet, S.: Electrocardiographic Observations in 
Patients with Cerebrovascular Accidents. Am. J. 
M. Se. 231: 502 (May), 1956. 

The changes observed in the electrocardiograms 
of 12 patients with various cerebrovascular lesions 
are reported in conjunction with an extensive clinical 
and laboratory study of the individual cases to detect 
possible factors involved in electrocardiograp|iic 
alterations. The most frequently observed abnor- 
malities were prolongation of the S-T interval and 
deep, wide T-wave (T-U wave) inversions. P:- 
longed Q-T interval with wide, tall upright T wa 
and prominent U wave was also seen. In this grou), 
the changes were most commonly observed in »:- 
sociation with subarachnoid and __ intracereb: :! 
hemorrhages. Although reminiscent of hypopot: 


semia, no electrolyte alterations of significance wi 
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obs rved. One patient was found at necropsy to 
hav sustained a myocardial infarction. Neither tem- 
per ture changes or blood pressure shifts were held 
acc untable for the electrocardiographie alterations. 
Alt ough the factors operating to produce these 
abi ormalities are unknown, their presence is con- 
sid: ‘ed as another indication of the close connection 
bet veen the brain and the cardiovascular system. 
SHUMAN 


Wager, R., and Hupka K.: Vectorcardiographic 
studies in Patients with Bundle Branch Block 
and Myocardial Infarction. Cardiologia 29: 196 
ase. 3), 1956. 
|, 25 eases with right or left bundle-branch block 

in whom the presence of myocardial infarction was 
proved by autopsy or suggested on the basis of the 
history and clinical findings, the spatial vectorcardio- 
gram showed alterations considered characteristic 
for infaretion or bundle-branch block in combina- 
tion. In almost all cases the vectorcardiograms were 
more irregular than in patients with bundle-branch 
block alone and very bizarre patterns of the vector 
loops were encountered in the various planes. 

The authors attempt to explain the shape of the 
abnormal vectoreardiograms on the basis of ana- 
tomic changes in the individual cases. The following 
findings appear to be most important and con- 
sistently present: In cases with left or right bundle- 
branch block and a posterior wall infaret, the first 
portion of the spatial vector loop is displaced an- 
teriorly followed by an abrupt change in posterior 
direction. In cases with right bundle-branch block 
and anterior wall infarction, inscription of the first 
portion of the vector loop in the horizontal plane 
occurs mostly in clockwise direction. 

The authors conclude that in cases with bundle- 
branch block and myocardial infarction, vector- 
caurdiography is of value as an additional diagnostic 
measure. This is true in particular in some cases of 
left bundle-branch block in whom the diagnosis of 
infaretion cannot be made from the electrocardio- 
gram alone. 

Pick 


Rosa, L., and Kunos, I.: The Graphic Differences 
between the Precordial Ballistocardiogram and 
the Low Frequency Phonocardiogram. Ztschr. 
\Xreislaufforsch. 45: 203 (Mar.), 1956. 

The ballistocardiogram, registered with a mag- 
tie microphone, is very similar to the low- 
queney phonocardiogram, registered with an 
‘trodynamic microphone, but may show a systolic 
teau similar to that of the arterial pulse, which 
s not appear in the phonocardiogram. Curves 
en in the right and left parasternal region show 
racteristic differences. 

LEPESCHKIN 


ENDOCARDITIS, MYOCARDITIS, AND 
PERICARDITIS 


Scherl, N. D.: Acute Nonspecific Pericarditis: A 
Survey of the Literature and a Study of 30 Addi- 
tional Cases. J. Mt. Sinai Hosp. 23: 293 (May- 
June), 1956. 

The clinical features of 30 patients with acute non- 
specific pericarditis observed at the Mount Sinai 
Hospital since 1942 are reviewed. 

The ages ranged from 22 to 73 years with an 
average of 4814 years, a higher average age than 
that generally reported. There were 3 women, 
giving a 10-to-1 incidence of the disease favoring 
men. Thirteen patients (43 per cent) had a history of 
a recent upper respiratory infection. Chest pain 
was the dominant symptom of the disease and 
developed in all patients, except 1 whose only com- 
plaint was severe low back pain. In 13 patients, the 
chest pain was intensified by respiration, cough, 
swallowing, or change in position. A pericardial 
friction rub was heard at some stage of the illness 
in 19 patients (63 per cent) and pericardial effusion 
was observed in 11 patients (37 per cent). Cardiac 
enlargement was detected in 15 patients (50 per 
cent). Coexistent pulmonary findings indicative of 
pneumonitis, pleuritis, or pleural effusion were 
present in 19 patients (63 per cent). Fever lasting 
from 2 days to 3 months was recorded in 25 patients 
(83 per cent). 

Electrocardiographic changes were found in 27 
patients (90 per cent). These consisted of S-T seg- 
ment elevations in 15, T-wave changes in 25, and 
transitory small Q; waves in 6 patients. Vector- 
cardiographs were obtained in 3 patients. The 
findings in 2 of an open-loop vector, directed in- 
feriorly, anteriorly, and to the left were interpreted 
as consistent with the diagnosis of pericarditis. The 
third patient. had left bundle-branch block and the 
vectorcardiugram was of no diagnostic help. 

Relapses, as indicated by previous or subsequent 
attacks of acute nonspecific pericarditis, occurred 
in 11 patients (36 per cent). The over-all prognosis 
of the disease, however, is very good. 

Antibiotic treatment of 12 patients was not as- 
sociated with any apparent response. Since | patient 
who was treated with cortisone showed a definite 
dramatic improvement with an immediate fall in 
fever and a diminution of symptoms, the author 
suggests that further trials with steroids be 
attempted. 

SAGALL 


MacGregor, G. A.: Murmurless Bacterial Endo- 

carditis. Brit. M. J. 1: 1011 (May 5), 1956. 

The author’s thesis is that patients may have a 
valvular infection for an appreciable time before 
the appearance of a clinically detectable murmur 
and that the diagnosis during that stage is impera- 
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tive in order to minimize damage to the heait valve. 
Case histories are presented of 4 patients without 
murmur for a considerable period. In all the aortic 
valve was primarily involved. One had acute 6- 
hemolytic streptococcal endocarditis but developed 
a murmur only on the eighteenth day of illness. In 
3 patients with subacute bacterial endocarditis a 
murmur developed 8, 10, and 12 weeks after the 
onset of symptoms. It is suggested that even in the 
absence of murmurs the diagnosis be suspected and 
blood cultures made. It was thought that bicuspid 
aortic valve was the basis for the endocarditis in the 
3 patients with the subacute variety. 
McKusick 


Kirschstein, R. L., and Sidransky, H.: Mycotic 
Endocarditis of the Tricuspid Valve Due to 
Aspergillus Flavus. Arch. Path. 62: 103 (Aug.), 
1956. 

A ease of endocarditis of the tricuspid valve caused 
by Aspergillus flavus with associated marked pan- 
eytopenia was reported. The history of this case and 
of 3 others from the literature suggests that 
ordinarily nonpathogenic fungi may produce fatal 
infections in debilitated patients who have been 
given massive doses of broad-spectrum antibiotics. 
The possibility that anti-inflammatory hormones, 
such as cortisone, play a role in the pathogenesis of 
such infections is considered. 

MAXWELL 


Rakov, H. L. Acute Nonspecific Idiopathic Peri- 
carditis. Report of a Case Treated with Orally 
Administered Cortisone. Arch. Int. Med. 98: 
240 (Aug.), 1956. 

Beneficial response to short-term oral cortisone 
therapy in a case of acute nonspecific idiopathic 
pericarditis is reported. Theoretically, in such a 
nonspecific disease process corticosteroids would 
suppress the sterile local inflammatory reaction, 
mitigate the toxic systemic symptoms, and preclude 
fibrogenetic pericarditic sequelae (although no in- 
stances of the latter have been reported). Adversely, 
such therapy inhibits specific antibody response, but 
this apparently plays a minor role in sterile inflam- 
mation. Furthermore, short-term oral cortisone 
therapy would obviate latent hazards by ease of 
control because of promptness and briefness of 
activity. 

In this case distressing pain, respiratory em- 
barrassment, and toxic symptoms were speedily 
ameliorated by short-term oral cortisone therapy, 
and, additionally, the pericardial friction rub 
vanished. A conclusive opinion of such therapy on 
the basis of a single case is not contemplated, and 
the paucity of available material renders critical 
evaluation impossible. 

BERNSTEIN 


Proudfit, W. L., and Effler, D. B.: Diagnosis ang 
Treatment of Cardiac Pericarditis by Pericarcial 
Biopsy. J.A.M.A. 161: 188 (May 19), 1956. 
An operative technic for pericardial biopsy and 

the treatment of significant pericardial effusior 

described. As performed on 16 patients, the 

cedure permitted direct inspection of the pericarc i: 

sac, culture of fluid and tissue, and drainage of 

effusion fluid into the left pleural cavity. Ab 
release of fluid in cases of pericardial tampon 

caused no difficulties, and postoperative reacti: 1 

were mild. Creation of a pleural pericardial win 

offers a rational and safe form of therapy for chr 
pericarditis, and may establish the etiology of 
disease process. In the series there were 5 cases 
chronic hemorrhagic pericarditis of unkni 
etiology. The authors suggest a possible relations i 
between this and chronic constrictive pericarditis 
KircHEL 


Agress, C. M., Glassner, H. F., and Binder, M. | 
Serum Transaminase Levels in Experimeni: 
Pericardial Injury. Proc. Soc. Exper. Biol. & Med. 
92: 826 (Aug.Sept.), 1956. 

Because of recent interest in serum glutamic 
oxalacetic transaminase determinations in the differ- 
ential diagnosis of myocardial infarction, measure- 
ments were carried out after experimental production 
(by sand, tale, and cultures of streptococci) of acute 
pericarditis in dogs. The peak levels of serum 
transaminase were found to be proportional to the 
severity of subepicardial myocardial damage rather 
than to the severity of pericardial injury. The 
enzyme levels help to distinguish acute pericarditis 
and acute myocardial infarction only when the 
levels remain normal. 

AVIADO 


HYPERTENSION 


Beaven, D. W., and Murphy, E. A.: Dissecting 
Aneurysm during Methonium Therapy. A Report 
on Nine Cases Treated for Hypertension. Brit. 
M. J. 1: 77 (Jan. 14), 1956. Abstracted, Circula- 
tion 15: 294 (Feb.), 1957. 


Burnett, C. F., Jr., and Evans, J. A.: Drug Therapy 
in Hypertension with Hemorrhagic Hypertensive 
Retinitis. New England J. Med. 253: 395 (Sept. 
8), 1955. Abstracted, Circulation 15: 372 (Mar.), 
1957. 


Perera, G. A.: Failure of Salt Restriction to Modify 
Blood Pressure in the Accelerated Phase of 
Primary Hypertension. Ann. Int. Med. 48: 1195 
(Dec.), 1955. Abstracted, Circulation 15: 429 
(Mar.), 1957. 
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ering, G. W.: The Concept of Essential Hyper- 
asion. Ann. Int. Med. 43: 1153 (Dee.), 1955. 
bstracted, Circulation 15: 30 (Jan.), 1957. 


ifer, H., Blain, J. M., Ceballos, R., and Bing, 
. J.: Essential Pulmonary Hypertension: A Re- 
wrt of Clinical-Physiologic Studies in Three Pa- 
ents, with Death Following Catheterization of 
1e Heart. Ann. Int. Med. 44: 505 (Mar.), 1956. 
bstracted, Circulation 15: 390 (Mar.), 1957. 


olley, D. W., and Shaw, E. N.: Antiserotonins in 

{ypertension and the Antimetabolite Approach to 

‘hemotherapy. Science 124: 34 (July 6), 1956. 

in 1952, the authors suggested that hypertension 

‘ht arise from an excess of serotonin. The possi- 

ty of preparing a suitable antimetabolite was 

isioned. In this report, the authors discuss the 

izyl analog of serotonin, 1-benzyl-2 ,5-dimethyl 
serotonin, or BAS. This substance was effective 
orally in protecting dogs from the pressor action of 
serotonin. Preliminary observations reported earlier 
have indicated that BAS will cause reduction in 
blood pressure in hypertensive patients without 
harmful side effects. In this report, the authors stress 
the value of the hypothesis that serotonin may be 
causally related to essential hypertension and that 
a new series of antimetabolites, clearly indicated for 
this situation, may be prepared. 

WAIFE 


Pickering, G. W.: The Genetic Factor in Essential 
Hypertension. Acta. cardiol. Suppl. VI, 22, 1956. 
On the basis of statistical studies of his own and 

of others, the author arrived at the conclusion that 

essential hypertension is inherited as a graded char- 
acteristic, like height and that the inheritance is 
multifactorial. The role of inheritance is expressed 
by a regression coefficient of about 0.24, meaning 
that if the arterial pressure of a subject varies from 
the norm by 10 mm. Hg, the pressure of his first 
degree relative will be expected to vary on the 
average by 2.4 mm. Hg in the same direction. This 
is true for all levels of arterial pressure; that is the 
mode of inheritance is the same for low and elevated 
pressure. These facts emphasize the fallacy of 
drawing a distinctive line between normal and 
pathologically high arterial pressure. 

Pick 


shberger, R. L., Dennis, E. W., and Moyer, 
H.: The Response to Rescinnamine Adminis- 
red Parenterally and Orally for the Treatment 
Hypertension. Am. J. M. Se. 231: 542 (May), 
56. 
1e trimethoxycinnamic ester of the methyl- 
pate has been extracted as an active alkaloid 
Rauwolfia serpentina and administered to mild 
moderate hypertensives by oral and parenteral 


routes. The hypotensive effects of parenteral ad- 
ministration were evidenced by a return to normal 
blood pressures in 70 per cent of 26 patients receiving 
a dose of 10 mg. of the drug. A significant reduction 
of blood pressure occurred within 5 hours after 
administration of this dosage. There were 84 patients 
given oral treatment with rescinnamine for a period 
of 2 months of which 40 per cent showed a sig- 
nificant lowering of blood pressure. Of those treated 
for 4 months 52 per cent showed a reduction of mean 
arterial pressures. The response to the drug was not 
dependent upon the severity of the process but of 
those who became normotensive only 3 were from 
the group with more severe hypertension. Side 
effects include somnolence, dizziness, weakness, 
and nasal congestion of similar degree to that ob- 
served with reserpine. The bradycrotic response to 
rescinnamine was less than that noted after 
reserpine. Although rescinnamine, orally adminis- 
tered, is only moderately effective as a hypotensive 
agent it appears that an equal reduction in blood 
pressure can be obtained as with reserpine but a 
larger dose must be used. 
SHUMAN 


Real, A. P.: Reserpine in Arterial Hypertension. 
Rev. espaf. cardiol. 9: 421 (Dec.), 1955. 
Thirteen cases were treated with the drug with 

very good subjective and objective improvement. 

One patient with numerous renal calculi and a blood 

pressure of 190/110, was treated for 3 years with 

practically all new and old methods of treatment 
without any change in the blood pressure, but on 
reserpine his blood pressure remained normal for 

6 months. It is held possible that the drug also has a 

beneficial effect on the kidneys. 

LEPESCHKIN 


Teregulov, G. N., Kopylipva, A. I., and Hairullina, 
A. G.: Treatment of Hypertensive Disease with 
Apressin (Apresoline). Klin. med. 34/5: 74 (May), 
1956. 

Apressin was given in doses of 0.01 to 0.005 Gm. 

3 times daily for 10 to 30 days in 50 patients. The 

systolic pressure was reduced 25 to 80 mm., the 

diastolic 4 to 45 mm. Subjective improvement ap- 
peared in the majority of the cases. The leukocyte 
concentration fell in most cases, but did not decrease 
beyond 4500. Six to 7 months after the end of treat- 

ment the blood pressure remained normal only in 5 

of the 11 cases, where it was normal immediately 

after treatment. 
LEPESCHKIN 


PATHOLOGY 
Temesvari, A., and Fodor, I.: Changes in the Great 


Vessels Caused by Inactivity. Ztschr. Kreis- 
laufforsch. 45: 161 (Mar.), 1956. 





780 ABSTRACTS 


In 4 cases of pulmonary stenosis, 2 cases of aortic 
coarctation and 3 cases of arteriovenous fistula, the 
elastic fibers in the arterial wall distal to the site of 
the constriction or anastomosis showed extensive 
degenerative changes. The same findings were 
present in 15 dogs, where these lesions were pro- 
duced experimentally. Decrease of blood pressure or 
of the pulsation is held responsible for these changes, 
which are in turn held responsible for the post- 
stenotic dilatation of the artery and for failure of 
sutures to hold in some operative cases. 

LEPESCHKIN 


Schulz, H.: Electron Microscopic Investigations of 
the Normal Lung and of the Lung in Mitral 
Stenosis. Virchow’s Arch. path. Anat. 328: 582 
(June), 1956. 

The wall separating the capillary vessel from the 
alveolar air in the normal lung as it appears under 
the electron microscope is described. The thickness 
of the wall is .6 to 2.5 yw; it consists at least of the 
endothelial cells, their basal membranes, and an 
intercellular space that may appear filled with 
fibers or partially empty. Biopsies of the lingula 
have been obtained in 3 patients with mitral stenosis. 
It is thought that the periendothelial tissue is thick- 
ened in these cases; although the total distances 
between blood and alveolar spaces is not significantly 
increased, it is thought that the peripheral thickening 
may be the main obstacle to alveolar gas exchange. 

CALABRESI 


Sussman, M. L., and Frost, T. T.: Secondary Vascu- 
lar Changes in the Lungs. Am. J. Roentgenol. 
75: 758 (April), 1956. 

The authors attempt to assay the role of demon- 
strable structural vascular changes in pulmonary 
arterial hypertension of chronic cor pulmonale (71 
cases), mitral valvular disease (4 cases), and in 1 
patient with atrial septal defect. 

Only a third of patients with pulmonary disease 
showed significant arteriolar changes consisting of 
muscular hypertrophy, hyalinization, and atheroma. 
In mitral disease intimal proliferation, medial 
hypertrophy, and obliteration of the lumen were 
commonly present; arteriolar necrosis and scattered 
thrombi less frequently so. In the 1 patient with 
congenital heart disease, atrial septal defect, pul- 
monary hypertension was presumably due to a fetal 
type of intimal proliferation, as if deliberately 
designed to prevent capillary overflooding. 

SCHWEDEL 


Rizzi, R.: A Study of the Vascular System of the 
Human Heart: Histometric Investigations of the 
Myocardium in Physiopathologic Conditions. 
Arch. ital. anat. e embriol. 60: 260, 1955. 
Measurements have been carried out on different 

muscular fasciculi in 22 human hypertrophic hearts 

with different cardiovascular diseases. The age of 


the subjects varied from 3 to 71 years. In each heart 
histometric studies have been made of the seotal 
region and of the parietal walls of the left and r ght 
ventricles, of the posterior papillary muscle of the 
left ventricle; of the anterior papillary muscle of the 
right ventricle, and of the wall of both atria. [he 
figures given for each segment are averages of mas- 
urement of 300 fibers. Reference is made to a_>re- 
vious report from the same laboratory on fig 
found in normal subjects. Even when the dis: ase 
process had apparently affected in life only the r ght 
or the left heart, in most cases both ventricles sho ved 
hypertrophy; in only 1 subject was hypertro hy 
limited to the left ventricle and in 3 to the right In 
each specimen the fibers of the middle layer are n ore 
hypertrophic than any other system; the suber do- 
cardial ventricular layer is more hypertrophic tian 
the papillary muscles; the subepicardial layer is | vast 
affected. In most cases the left ventricular muscle 
was more hypertrophic than the right. No relation is 
usually found between the increase in weight of the 
heart and the increase in mean diameter of the fibers; 
the opinion is presented that this is mainly duc to 
the blood content of the coronary vessels. The differ- 
ent degree of hypertrophy of different muscular 
fasciculi gives support to the opinion that they have 
some degree of independence. The “critical weight” 
of Linzbach, beyond which the fibers should inercase 
also in number, is not accepted by the present 
author. 
CALABREs! 


PHYSLOLOGY 


Chalmers, T. M., Fitzgerald, M. G., James, A. H., 
and Scarborough, H.: Conn’s Syndrome with 
Severe Hypertension. Lancet 1: 127 (Jan. 21), 
1956. 

In this 43-year-old housewife excessive urinary 
loss of potassium was due to a benign adrenocortical 
tumor. The severe grade of hypertension represented 
one deviation from Conn’s patients; the satisfactory 
fall in blood pressure after removal of the adrenal 
tumor suggested a relation to the tumor and sup- 
ported Conn’s recommendation that aldosteronism 
should be sought among hypertensive patients. 

The patient’s presenting complaints were weak 
ness of the arms and neck and diarrhea. Attacks of 
partial paralysis had been occurring for 3. vears. 
Thirst and polyuria were also present. Examination 
revealed patchy, asymmetrical muscle weakuess 
with brisk tendon reflexes. The blood pressure was 
130/95 mm. Hg. Serum potassium was 1.7 ml{q. 
per L., serum sodium 147. The absence of significant 
alkalosis was noteworthy. After correction of hy po 
potassemia and dehydration, the blood pressure ose 
to values as high as 230/150 mm. Hg. A low saliy ary 
sodium/potassium ratio suggested a horm: nal 
mechanism in the potassium loss and distinguis 1d 
the syndrome from  potassium-losing nephr tis. 
Tomograms made after presacral insufflation ol 
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oxy en demonstrated a round tumor at the apex of 
the ight adrenal gland. 

A: operation the tumor was found as predicted and 
the entire right adrenal gland was removed with 
the tumor. Histologically, the zona fasciculata of 
the gland was thought to be atrophic and non- 
sec: ting. (The significance of this finding was not 
evi ent; aldosterone is thought to be formed by the 
gra ulosa cells.) Postoperatively the blood pressure 
fell to normal and remained normal even after 
recovery from the sodium depletion that charac- 
ter: zed the early postoperative period. The salivary 
soi'um/potassium ratio rose. Serum urea rose to 
68 ng. per 100 ml. and remained there for 3 months. 
Inulin clearance and p-amino-hippurate clearance 
fell after operation. 

McKusick 


van Buchen, F. S. P., Doorenbos, H., and Elings, 

H. S.: Primary Aldosteronism Due to Adreno- 

cortical Hyperplasia. Lancet 2: 335 (Aug. 18), 

1956. 

Adrenal tumor has been found as the basis of 
aldosteronism in previously reported cases but in 
the 17-year-old boy reported here adrenal hyper- 
plasia was the cause. The condition was discovered 
when the patient was investigated for hypertension 
(220/150 mm. Hg). He had drunk excessive amounts 
of fluid from the age of 2 years. Enuresis had oc- 
curred until the eighth year. At least once nightly he 
rose to urinate and drink water. Growth and in- 
tellectual development were retarded. Headaches 
and epistaxes occurred. 

The patient was only 4 ft. 10 in. with a bone age of 
13 years. The fundoscopic examination revealed 
bilateral papilledema with constricted and contorted 
vessels. Daily urine output was 2,500 to 5,000 ml. 
with a specific gravity of 1.001-1.004. After 20 
hours without water, specific gravity was 1.016. 
The serum sodium was 148 mEq. per L., potassium 
1.7-2.5, alkali reserve 54 vol. per cent. The urinary 
excretion of aldosterone was 34 yg. in 24 hours. 
(8.0 ug., upper limit of normal). The electrocardio- 

m showed the changes of low serum potassium. 

Intravenous pyelography revealed no evidence of 

:nor but on presacral air insufflation the left ad- 

al gland seemed larger than normal. At operation 

entire right adrenal gland and nine tenths of the 
were removed. These structures were considered 
be enlarged grossly and histologically showed hy- 
plasia of the zona fasciculata and, to some extent, 
he zona glomerulosa. 

\fter operation all the abnormal features that 

stitute the syndrome reverted to normal. 

McKusick 


ivor, G. E., McEvoy, R. K., and Mahoney, E. B.: 
The Effectiveness of Hypertonic Glucose in 
Resuscitation of the Hypothermic Heart Follow- 


ing Potassium Chloride Arrest. Circulation 

Research 4: 389 (July), 1956. 

Cardiac arrest was produced by coronary artery 
perfusion with potassium chloride in the hypo- 
thermic dog during normal sinus rhythm or ventricu- 
lar fibrillation. Resuscitation of the heart by massage 
was more readily accomplished if hypertonic glucose 
was injected intravenously. The beneficial effect of 
glucose may be related to the glucose-induced trans- 
fer of extracellular potassium into the cells. It is 
also possible that the large amount of glucose avail- 
able to the myocardium has some other direct 
beneficial effect. 

AVIADO 


Bering, E. A. Jr., Taren, J. A.. McMurrey, J. D., 
and Bernhard, W. F.: Studies on Hypothermia 
in Monkeys. II. The Effect of Hypothermia on the 
General Physiology and Cerebral Metabolism of 
Monkeys in the Hypothermic State. Surg., Gynec. 
& Obst. 102: 134 (Feb.), 1956. 

A study was performed in 20 monkeys to deter- 
mine the effect of hypothermia on cerebral metabo- 
lism during a period of physiologic stabilization. 
Hypothermia was induced by immersing the anes- 
thetized animals in an ice water bath. After a 
stabilization period of 1 hour, cerebral blood flow and 
cerebral oxygen consumption studies were done. As 
the body temperature was reduced, the mean arterial 
blood pressure fell 10 to 30 mm. Hg. At about 31 C. 
the cerebral blood flow diminished, but there was a 
great variation among animals. At the same time 
there was an increase in cerebral vascular resistance, 
which could not be explained satisfactorily. The 
cerebral oxygen consumption dropped between 31 
and 27 C. from a normal range of 2.5 and 4.7 ce. per 
100 Gm. of brain to between 0.8 to 1 ec. The blood 
sugar levels increased almost 60 per cent over the 
normal resting levels. 

On the basis of their data, the authors suggested 
that for surgical procedures the patients should be 
cooled to at least 30 C. but not below 27 C. 

ABRAMSON 


Maengwyn-Davies, G. D., Lerman, S., Pogell, 
B. M., Stone, H. H., and Friedenwald, J. S.: 
The Adrenal Cortex in Diabetic Retinopathy: 
Urinary 17-Hydroxycorticosteroid Excretion 
Studies. Bull. Johns Hopkins Hosp. 99: 16 (July), 
1956. 

Diabetic patients with retinopathy excrete sig- 
nificantly larger amounts of urinary 17-hydroxy- 
corticosteroids in 24 hours than diabetic patients 
without retinopathy. The results of this survey 
offer neither a contradiction to the adrenaly hpothe- 
sis as one of the causal factors for the occurrence 
of diabetic retinopathy, nor do these studies afford 
definite proof of this theory. 

McKvsick 
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Rose, L. B., and Hoffman, D. L.: The Coronary 
Blood Flow in Pulmonary Emphysema and Cor 
Pulmonale. Circulation Research 4: 130 (March), 
1956. 

Studies of the coronary blood flow by means of 
the nitrous oxide desaturation method were per- 
formed in 9 individuals with varying degrees of 
pulmonary emphysema alone and emphysema with 
cor pulmonale. In8 of the 9 cases the coronary blood 
flow was found to be within the normal range. In 1 
individual with a high cardiac output the coronary 
blood flow was elevated in proportion. The presence 
of cor pulmonale did not appear to influence the 
results. 

SAGALL 


Salisbury, P. F.: Coronary Artery Pressure and 
Strength of Right Ventricular Contraction. Cir- 
culation Research 3: 633 (Nov.), 1955. 

Right ventricular incompetency was induced 
experimentally in anesthetized open chest dogs by 
graded compression of the pulmonary artery with 
a distensible hydraulic clamp. Such cardiac in- 
competence could be alleviated by augmenting the 
coronary artery pressure by pressor agents, by 
partial occlusion of the ascending aorta with an 
intraluminal balloon, by external compression of the 
aorta with a hydraulic clamp, and by an arterial 
blood reservoir. When very high coronary artery 
pressures were produced, right ventricular failure did 
not occur even with maximal pulmonary artery 
compression. The strength of the right ventricle was 
found to be directly related to aortic root pressure 
and consequently to coronary artery pressure and 
thus coronary artery flow. Increase in aortic root 
pressure in the presence of otherwise irreversible 
cardiac decompensation could restore the heart to 
full functional competence. These studies appear 
to have important clinical application. They indi- 
cate that the blood supply to both the right and 
left heart can be increased and, therefore, the 
strength of cardiac contraction, while the work load 
of only the left ventricle is simultaneously aug- 
mented. Thus, various pathologic conditions char- 
acterized by an incompetence of the right ventricle 
(in which the left ventricle has a considerable 
reserve), might be helped by therapeutic maneuvers 
aimed at increasing coronary flow by raising the 
coronary artery pressure. 

SAGALL 


Nelson, D., and Fazekas, J. F.: Cerebral Blood 
Flow in Polycythemia Vera. Arch. Int. Med. 98: 
328 (Sept.), 1956. 

A ease of polycythemia vera is presented in which 
cerebral blood flow studies were performed. Addi- 
tional conclusions regarding cerebral hemodynamics 
in polycythemia are derived. Therapeutic applica- 
tion of carbon dioxide inhalation (in conjunction 


with conventional therapy) is suggested as of possi! 
value in the prophylaxis and therapy of cereb 
vascular occlusion in polyeythemia vera. 

The inhalation of 5 per cent carbon dioxide }; 
the characteristic effect observed in nonpolycyther 
individuals of dilating the cerebral vessels, As 
result, the cerebral vascular resistance decreased, t! 
cerebral blood flow rate increased, and the arteri 
venous oxygen difference decreased; the cereb 
metabolic rate (oxygen consumption) remain: 
unchanged. 

BERNSTEIN 


Weil, M. H., Hinshaw, L. B., Visscher, M. | 
Spink, W. W., and MacLean, L. D.: Hem: 
dynamic Effects of Vasopressor Agent (met: 
raminol) on Hypotension in Dogs Produced | 
Endotoxin. Proc. Soc. Exper. Biol. & Med. 3% 
610 (July), 1956. 

The early shock produced in the dog by the i: 
jection of Gram-negative endotoxin is the result 
venous pooling and greatly diminished venoi 
return. Intravenous administration of a syn 
pathomimetic amine, metaraminol  (Aramine), 
prevented further pooling. Venous return was effe 
tively increased and the mechanism through whic 
the shock was initiated was, therefore, counteracted 
This study is contrary to past criticisms that th 
use of vasopressor agents in the treatment of various 
forms of shock increases vasoconstriction to an 
undesirable degree and potentiates shock by furthe: 
stagnation of blood. 

AVIADO 


McArdle, B., and Verel, D.: Responses to Ischaemic 
Work in the Human Forearm. Clin. Sc. 15: 305, 
(May), 1956. , 

Measurements (ergometer) were made in 20 nor 
mal subjects of the amount of work that can be 
performed under ischemic conditions by prearm 
muscles before the onset of pain and fatigue. The 
time of onset of ischemic pain was not directly re 
lated to the amount of exercise. In fact, more exercise 
could be done at a rapid rate with a heavy load than 
with a light weight at a slower rate. The blood flow 
response following ischemia was found to be linearl) 
related to the duration of ischemia. The blood flow 
response following ischemic work was similarly r 
lated to the amount of work. These responses, how 
ever, were relatively small when the duration o! 
ischemia or amount of ischemic work was small. It is 
suggested that the disparity may be explained on th: 
basis of oxygen liberated from trapped red cells o 
from myoglobin. The generally accepted explanatio1 
of postexercise hyperemia is that vasodilator metabo 
lites are produced during contraction. 

ENSELBERG 
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in 


NAL AND ELECTROLYTE EFFECTS 


‘TE 
ON THE CIRCULATION 


torius, O. W., and Burlington, H.: Acute Effects 
: Denervation on Kidney Function in the Dog. 
m. J. Physiol. 185: 407 (May), 1956. 

‘ute renal denervation increases urinary sodium 
entration and excretion immediately. These 
ies do not depend on hemodynamic changes. 

authors suggest a direct influence of renal 
es on tubular reabsorption. 

OPPENHEIMER 


iter, W. B., and Pappenheimer, J. R.: Role of Red 

slood Corpuscles in Regulation of Renal Blood 

‘low and Glomerular Filtration Rate. Am. J. 

hysiol. 185: 399 (May), 1956. 

Variations in arterial erythrocyte concentration 

n 20 to 55 per cent changed renal blood flow only 
slightly. This was true even though viscosity changed 
markedly. Below 20 per cent there was a great in- 
crease in flow although pressure was constant. In 
this range viscosity is not altered much. Autoregu- 
lation of renal blood flow and glomerular filtration 
rate was decreased or abolished when red cells were 
diminished in concentration. If cells were added the 
regulation returned. The authors emphasize the 
‘cell-separation” theory, which states that RPF and 
GER are governed by the efficiency of separation of 
red cells from plasma in the interlobular arteries. 

OPPENHEIMER 


Pappenheimer, J. R., and Kinter, W. B.: Hematocrit 
Ratio of Blood within Mammalian Kidney and Its 
Significance for Renal Hemodynamics. Am. J. 
Physiol. 185: 377 (May), 1956. 

The dynamic hematocrit of intrarenal blood was 
approximately 50 per cent of that in blood coming to 
or leaving the kidney. The ratio of the hematocrit of 
intrarenal blood to that of arterial blood, varied 
directly with the red cell count of arterial blood and 
inversely with renal arterial blood pressure. Renal 
vascular volumes and kidney weights were reduced 5 
per cent by a reduction in blood pressure from 140 
0 50 mm. Hg. Since the intrarenal hematocrit was 
increased, the absolute quantity of cells within the 

dney that were removed at lower pressures was 

‘ater than in the kidney of the opposite side, 

‘ich served as a normal control. It was suggested 

it red cells were progressively separated from 

isma by plasma “skimming” in the interlobular 
eries. As a result, deeper glomeruli were supplied 
zely with plasma. Blood supplied to the terminal 
erioles was thus viscous and high in cells. It was 
tulated that this cell-rich part of the blood passes 
way of preferential channels that bypass the 
itubular capillaries. Energy for the separation 
cess was furnished by the kinetic energy of renal 


arterial blood. As a result, separation depends on 
velocity and hematocrit. 


OPPENHEIMER 


Woodbury, D. M.: Effect of Acute Hyponatremia on 
Distribution of Water and Electrolytes in Various 
Tissues of the Rat. Am. J. Physiol. 185: 281 
(May), 1956. 

Hyponatremia was produced by intraperitoneal 
injection of isosomolar glucose. This procedure in- 
creased intracellular brain sodium concentration. 
However, potassium was decreased in this same 
tissue. Water of these cells was not significantly re- 
duced. In the case of muscle there was a decreased 
concentration of sodium, potassium, and chloride. 
These cells were observed to be hydrated. In bone 
the sodium was lost with a slight decrease in chloride 
space. Potassium was not changed but the cells were 
hydrated. Skin was dehydrated but sodium and 
chloride spaces were not changed. Also, potassium 
concentration did not change. The author concludes 
that each tissue controls its own salt and water 
metabolism. 


OPPENHEIMER 


Gonlubol, F., Siegel, A., and Bing, R. J.: Effect of a 
Cardiac Glycoside (Cedilanid) on the Sodium and 
Potassium Balance of the Human Heart. Circu- 
lation Research 4: 298 (May), 1956. 

Previous studies on the isolated heart have demon- 
strated that digitalis glycosides can mobilize potas- 
sium from the heart muscle. The effect of Cedilanid 
on the human heart using coronary sinus catheteriza- 
tion was studied. The potassium concentration of 
arterial and coronary sinus blood was significantly 
elevated but the arteriovenous difference remained 
unchanged. Cedilanid in therapeutic doses in man 
‘aused potassium liberation primarily from extra- 
cardiac tissues. 


AVIADO 


Epstein, F. H.: Reversible Uremic States. J. A. M.A. 

161: 494 (June 9), 1956. 

There are few clinical problems that tax the physi- 
cian as much as does the treatment of the patient 
with uremia. The attitude of the doctor called to 
treat uremia is often one of hopelessness and resigna- 
tion, as it is not widely enough appreciated that even 
in a patient with advanced nephritis renal decom- 
pensation can be at least partially reversed. Reversi- 
ble disorders of renal function are of 2 types. In one 
the damage will eventually resolve and a remission 
will take place if only the patient does not die in the 
meantime. The most common causes of such acute 
reversible and self-limited renal insufficiency are 
acute glomerulonephritis and acute tubular nephro- 
sis. In the other type of reversible renal dysfunction, 
the disorder is not self-limited but may progress and 
even kill the patient if it is not sought out and 
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actively treated. In this group one finds contributory 
congestive heart failure, infection, obstruction, de- 
hydration, hyponatremia, alkalosis and potassium 
depletion, and hypercalcemia. Because of the nature 
of renal function, the rescue of a few nephrons and 
the salvage of a relatively small amount of renal 
function may make the difference between progres- 
sive deterioration with rapidly advancing uremia and 
renal compensation, and the addition of months, and 
sometimes years of comfortable and useful life for a 
grateful patient. 
KITCHELL 


ROENTGENOLOGY 


Bret, J.: The Janus Syndrome. Arch. mal. coeur 49: 

468 (May), 1956. 

The syndrome was named after the double-faced 
Grecian god, and is applied to the presence of 1 clear 
and 1 dark lung field in the x-ray of congenital heart 
disease. It can be caused by atresia of 1 branch of the 
pulmonary artery in Fallot’s tetralogy, or by a true 
truncus arteriosus with only 1 pulmonary artery. In 
the latter, angiocardiography discloses the aortic 
origin of 1 pulmonary artery. 

LEPESCHKIN 


McCann, J. S., and Porter, D. C.: Calcification of the 
Aorta as an Aid to the Diagnosis of Syphilis. Brit. 
M. J. 1: 826 (April 14), 1956. 

Further evidence for the diagnostic usefulness of 
calcification in the very first portion of the ascending 


aorta is presented. Nineteen cases with this finding 
were reviewed. Seven were seronegative but were 
considered to have syphilitic aortitis because of 
history or other syphilitic stigmata. 

McKusick 


Wilder, R. J., Moscovitz, H. L., and Ravitch, M. M.: 
Transventricular and Aortic Angiocardiography 
and Physiologic Studies in Dogs with Experi- 
mental Mitral and Aortic Insufficiency. Surgery 
40: 86 (July), 1956. 

Visualization of the left heart chambers and aorta 
in dogs with surgically produced mitral and aortic 
valvular lesions was carried out by means of direct 
ventricular puncture and retrograde aortic catheteri- 
zation. The degree of aortic or mitral regurgitation 
on the roentgenograms was correlated with the 
change in the pressure tracings of the left heart 
chambers. 

Mitral insufficiency was readily detected on the 
roentgenogram when radiopaque material was 
instilled into the left ventricle. The size of the atrium 
was clearly recorded. The degree of opacification of 
the atrium appeared to be related to the size of the 
mitral reflux, but attempts to quantitate the regurgi- 
tation on this basis were difficult. Dogs with chronic 
mitral insufficiency of significant size, as revealed by 
roentgenograms and postmortem examinations, 


demonstrated only minor or moderate changes jn 
left atrial pressure pulse; whereas an acutely pro- 
duced defect of similar size usually resulted in signifi- 
cant elevation of the atrial v wave. It would app -ar 
that the heart gradually accommodates to mitral 
sufficiency and that with left atrial and pulmon ry 
vein enlargement and with changes in left at jal 
elasticity, the pressure rise in the left atrium )e- 
comes less marked. It would appear, therefore, t iat 
the contrast radiographic technic was more sensi! ve 
than changes in pressure pulses for the detectio: 
retrograde reflux through the aortic or mitral val 
especially in chronic preparations. A steno: ng 
ligature passed below the mitral annulus defini( ly 
diminished but did not obliterate the regurgitat on 
through the mitral valve and was associated with ‘he 
appearance of an elevated left atrioventricular fill ng 
pressure gradient. Although there is usually litle 
difficulty in the clinical diagnosis of aortic regurg' 
tion, particularly when a wide aortic pulse press 
is found, the superimposition of aortic stenosis uj 
insufficiency may narrow the aortic pulse pressur 
and obscure its characteristic pattern. In. this 
instance, diagnosis of aortic insufficiency is still rela- 
tively simple by means of the retrograde catheter 
technic. 

MAXWELI 


Van Dooren, F.: Variations in the Horizontal Di- 
ameter of the Heart in 100 Adults Followed for 
13.5 Years. Acta cardiol. 10: 383 (Fasc. 4), 
1955. 

In 100 subjects with an average age of 45 years 
measurements of the transverse diameter of the 
heart determined in orthodiagrams were performed 
during a period of about 131% years. In 75 per cent 
the diameter did not change significantly even in the 
presence of long-standing hypertension. Primary 
factors in roentgenologic heart enlargement are 
cardiovascular disease and _ obesity. Secondary 
factors consist in the length of the period of observa- 
tion, the age of the patient at the time of the first 
examination and the finding, at this time, of ab- 
normalities of the diameter of the heart or of the 
electric axis in the electrocardiogram. 

Pick 


Davila, J. C., Trout, R. G., Sunner, J. E., and 
Glover, R. P.: A Simple Mechanical Pulse Dupli- 
cator for Cinematography of Cardiac Valves in 
Action. Ann. Surg. 143: 544 (April), 1956. 

A simple mechanical pulse duplicator is described 
that has made possible simultaneous cinematograp!1y 
of both valves of either side of the heart. Two 
plexiglas viewing chambers attached to the atrium 
and to either the aorta or pulmonary artery allow 
clear and complete visualization of the valves in 
motion. 

The major limitation of the apparatus, as far 1s 
reproduction of valve motion is concerned, lies in t 1¢ 
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inal) \ty to simulate annular motion. Although this 
is o| importance primarily in the study of normal 
atri entricular valves, it has much less significance 
in s verely diseased, calcified, and scarred valves in 
whi. surgical repair might be indicated. 
ABRAMSON 


RGERY AND CARDIOVASCULAR 
DISEASE 


y, C. P., Bolton, H. E., Nichols, H. T., Jamison, 
L., and Litwak, R. S.: The Surgical Treatment 

Aortic Stenosis. J. Thoracic. Surg. 31: 375 

pril), 1956. 

‘is article reviews the surgical treatment of 
ao: c stenosis in the “pure” form and combined with 
mit'al and tricuspid lesions. The usual diagnostic 
tec) nies are discussed, along with the use of simul- 
tancous left heart (via percutaneous left atrial 
catieterization), right heart and brachial artery 
cat)eterization. The pressure gradient between the 
left ventricle and aorta is helpful in mensurating the 
degree of existing aortic stenosis, while left atrio- 
ventricular gradients may indicate previously un- 
detected concomitant mitral stenosis. 

The anatomic abnormalities in aortic stenosis of 
congenital, arteriosclerotic, and rheumatic origin are 
reviewed, as are the physiologic considerations and 
clinical course. The development and technics of 
modern surgical procedures are discussed in detail. 
In general, the right sided transaortic (supravalvu- 
lar) approach is preferred, with a left-sided trans- 
ventricular commissurotomy limited to children with 
congenital aortic stenosis (due to the small caliber of 
the aorta) and to adults in whom aortic stenosis is 
discovered in the course of mitral surgery from a left- 


sided approach. In the transaortic commissurotomy, 


exploration of the tricuspid valve and interatrial 
septum is first performed via the right atrium and 
followed by a right atrial appendectomy. The aortic 
lesion is then corrected via the transaortic approach, 
and following this, the authors believe that the mitral 
valve should be routinely explored via the interatrial 
groove and left atrium, if the patient’s condition 
warrants it. The advantage of the right-sided ap- 
proach in allowing potential exploration of 3 valves 
at the 1 operation is such that the authors now use 
this route for performing elective surgery for ‘‘iso- 
lated” mitral stenosis. 
lortality and follow up studies on 287 patients 
with “pure” aortic stenosis and with combined 
mi‘ ral disease are noted. The operative mortality for 
aoiic stenosis and combined aortic and mitral 
ste .osis by the transventricular approach are 28 per 
cert and 18 per cent, respectively, whereas, in the 
tr: \saortic right-sided approach the figures are 14.7 
pe cent and 7 per cent, respectively. The post- 
ative improvement in subjective and objective 
sy: ._ptoms is documented. 
‘he authors state that the operative mortality and 


clinical improvement obtained in surgery for aortic 
stenosis now approaches that established in commis- 
surotomy for mitral stenosis. 

MAXWELL 


Sanger, P. W., Taylor, F. H., McCall, R. E., 
Duchesne, R., and Lepage, G.: Seamless Synthetic 
Arterial Grafts. Preliminary Report on Experi- 
mental and Clinical Experiences. J. A. M. A. 160: 
1403 (April 21), 1956. 

Since the first surgical repair by grafting of 
arteries for occlusions, injuries, or aneurysms, the 
search for the perfect substitute has continued. The 
maintenance of arterial banks is impossible in many 
situations. For this reason, the authors have turned 
to synthetic materials that are cheap, require no 
care, and can be made available to surgeons any- 
where. Methods for knitting or weaving Orlon into 
seamless straight tubes and Y-shaped tubes have 
been developed. Both knitted and woven seamless 
tubes have been used as grafts in dogs and in human 
aortas with equal success. Only time will determine 
whether the synthetic prostheses are superior to 
anything that has been used to date. The authors 
and 33 other surgeons have used these grafts success- 
fully in the aorta and common iliacs of 54 patients. 
Such grafts are cheap, compact, and easily stored. 
They can be heat sterilized and are available in any 
required length, shape, or diameter. These ad- 
vantages are obvious, not only in the management of 
civilian arterial diseases and injuries, but also in the 
management of injuries sustained in war time. 

KITCHELL 


Maniglia, R., and Bakst, A. A.: Revascularization of 
the Myocardium by Aorta to Coronary Sinus 
Anastomosis. Surgery 39: 787 (May), 1956. 

The authors performed the Beck no. 2 operation 
on 13 dogs and investigated the status of retroper- 
fusion and of the collateral circulation 6 and 12 
months after the second stage of the operation. 

In every instance the vein graft was widely patent 
and the anastomotic site showed good union. The 
coronary sinus, to which the graft had been anasto- 
mosed, was thickened by the presence of an increased 
quantity of connective tissue. The epicardial veins 
that drained into the coronary sinus were thickened 
by the proliferation of large quantities of collagen 
and elastic fibers. The coronary arteries did not show 
any changes. 

Physiologic studies indicated that retroperfusion 
did not persist with chronically arterialized coronary 
sinuses. By the twelfth month complete cessation of 
retroperfusion had occurred. However, there was a 
significantly increased intercoronary collateral blood 
flow that was found to persist at the end of 12 
months. 

ABRAMSON 





























































































































































































































































































































Reynolds, G. E., and Cheek, J. H.: Repeated 
Arterial Embolectomy. Surgery 39: 669 (April), 
1956. 

The authors presented a case in which 3 arterial 
embolectomies were carried out successfully on an 
aged, poor-risk patient. Because a diagnosis of 
phlebothrombosis and possible pulmonary embolism 
was also made, bilateral femoral vein ligation was 
performed. Subsequently, intramuscular heparin 
was administered. Arterial embolic phenomena fol- 
lowed the surgical procedure despite the use of anti- 
coagulants. First a diagnosis of right femoral artery 
occlusion was made and a successful embolectomy 
was carried out. Four days later the same artery was 
entered because of recurrence of symptoms and signs, 
and a well-organized thrombus was found attached 
to the wall of the vessel and removed. The third 
embolectomy was performed 5 days after the second 
one. Because it was thought that the obstruction this 
time was higher up, the right common iliac artery 
was entered. Again a clot was removed. The source 
of the emboli was not determined with certainty but 
the possibility was raised that it could be on the 
basis of thrombosis superimposed on an arterioscle- 
rotic plaque of the aorta, with subsequent emboliza- 
tion. It was also assumed that the venous difficulty 
was one of pulmonary embolus from phlebo- 
thrombosis. 


ABRAMSON 


Schilling, J. A., Becker, E. L., Bowers, C. R., and 
Gold, D.: Aortic Homografts in Dogs Including 
the Renal Arteries: Technique and Renal Func- 
tion. Surgery 39: 611 (April), 1956. 

An experimental study was made to replace the 
abdominal aorta and renal arteries with homografts 
in dogs and to determine the effects of this procedure 
on discrete renal function. Creatinine clearance tests 
for filtration rate and intravenous pyelograms were 
performed on all animals. Renal plasma flow was 
measured by the clearance technic using para-amino- 
hippurate. Technical difficulty was encountered be- 
cause of the small size of the renal arteries. In every 
instance in which the renal artery anastomosis re- 
mained patent there was a good recovery of renal 
function after periods of total ischemia up to 80 
minutes. 


ABRAMSON 


Kimoto, S., Sugie, S., and Asano, K.: Open Heart 
Surgery under Direct Vision with the Aid of 
Brain-Cooling by Irrigation. Experimental Studies 
and Report of Clinical Cases, Including Three 
Successfully Treated Cases of Atrial Septal 
Defect. Surgery 39: 592 (April), 1956. 

Because of the potential danger of hypothermia, 
the authors attempted to investigate an alternative 
method of selective brain-cooling on a series of dogs. 
The common carotid artery on one side was exposed 
and 2 polyethylene tubes were inserted into the 
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artery proximally and distally. Between the 2 ubes 
a glass coil passing through an ice-water coole: and 
a pump propelling the blood was connected. \Vith 
such a procedure the brain temperature cou’ | be 
reduced to 17 to 18 C., while the rectal temper. ture 
almost always remained at 31 to 32 C. Under hese 
conditions cardiac inflow could be occluded fr as 
long as 50 minutes without evidence of brain, s jingl 
cord, or cardiac injury. 

The procedure was tried on 5 patients with con- 
genital heart disease. There were 2 deaths, one d je to 
technical error and the other to a compli: ited 
anomaly in the heart. The 3 patients who livec had 
had atrial septal defects that were treated v ider 
direct vision. Their postoperative course was un- 
eventful. 

ABRAMS\ N 


Uricchio, J. F., Litwak, R., Denton C., Goldberg, 
H., and Likoff, W.: A Medical Appraisa of 
Transaortic Commissurotomy. Ann. Int. Med. 44: 
844 (May), 1956. 

There is presented an analysis of the surgical 
treatment of aortic stenosis in 40 patients who were 
treated by the transaortic approach for aortic 
valvular commissurotomy. The operative mortality 
was 10 per cent. The causes of death were connected 
with the production of lethal aortic regurgitation, 
ventricular fibrillation, and cerebral embolism. The 
postoperative hospital course was free of incidents in 
the majority of cases but cardiac complications 
without mortality occurred in 36 per cent of the 
survivors. In summarizing the final results, only 
patients who were operated at least 3 months prior 
to this report were considered. This group included 
27 individuals; 6 were under observation for 12 
months or more. In this group, there were 6 delayed 
deaths. In 4, the immediate cause of death was sub- 
acute bacterial endocarditis. Among the surviving 
patients, 15 (71.4 per cent) were classified as im- 
proved, 4 (19 per cent) were made worse, and 2 (9.5 
per cent) were unchanged. The greatest benefit was 
observed in patients who suffered from angina or 
syncope as the major form of disability, but those 
who exhibited as their principal symptoms before 
operation dyspnea, fatigue and vertigo were also con- 
siderably benefited. In 11 patients (52.3 per cent) 
the rough aortic systolic murmur was reduced in 
intensity by the operation and in 12 (57.1 per cent) 
the second aortic sound became more distinct. An 
early blowing diastolic murmur appeared in 5 of 10 
patients (50 per cent) in whom it had not been 
present previously. In 1 of these, dynamic regurgi!a- 
tion was produced. The murmur was exaggerated in 
2 of 11 patients (18.1 per cent) who had had ‘he 
finding preoperatively and in 1, significant regur-i- 
tation was created by the surgery. Transaortic co 0- 
missurotomy beneficially modified the auscultatc 'y 
signs characteristic of aortic stenosis in 1 of ever) 2 
patients, produced the murmur of aortic regurgi!3- 
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n in a similar percentage when it had not been 
sent previously, and exaggerated an existing 
mur of regurgitation in approximately 1 of every 
ises. Furthermore, the diastolic murmur was more 
t to indicate serious aortic regurgitation when it 
d been increased rather than initially produced by 
rgery. In this series no significant changes in the 
ctrocardiogram or roentgenogram were observed. 
anges in the brachial artery tracing after aortic 
mmissurotomy did not accurately reflect the 
anges in the clinical state. The indications for 
insaortic commissurotomy include all patients in 
10m obstruction of the aortic valve is considered 
namically and physiologically significant provided 
) other contraindications are present, such as as- 
ciated valvular lesions of uncorrectable nature, 
assive cardiac enlargement, active rheumatic in- 
fection, subacute bacterial endocarditis, or in- 
t actable congestive heart failure. The authors con- 
ude that transaortic commissurotomy is a valuable 
therapeutic technic that is capable of modifying the 
clinical state and certain dynamic and objective 
manifestations of aortic stenosis. 
WENDKoS 


Dickens, J., Goldberg, H., and Downing, D. F.: 
Clinical and Physiologic Aspects of Closure of 
Atrial Septal Defects by the Atrioseptopexy Tech- 
nic. Ann. Int. Med. 44: 1088 (June), 1956. 

The clinical and physiologic findings in the first 50 
patients subjected to atrioseptopexy for closure of 
atrioseptal defects are reviewed. Twenty-nine pa- 
tients were observed during periods varying between 
3 months and 2% years following operation. In 10 
of the patients the operative procedure was modified 
so that partial anomalous pulmonary venous drain- 
age into the right atrium or superior vena cava could 
be simultaneously corrected. Four patients had 
mitral commissurotomies performed for mitral 
stenosis at the same operation. In 2 of these, com- 
missurotomy was performed through the defect from 
the right atrium, in 1 through the left atrial ap- 
pendage, and in 1 through an incision made in the 
interatrial groove from the right side. The series 
included 37 cases of persistent ostium secundum and 
13 with persistent ostium primum. Five of the 37 
‘ases with ostium secundum and 8 of the 13 with 

tium primum died. Cardiac catheterization studies 

idicated that pulmonary hypertension was present 

67.5 per cent of the total series. The presence of 
i) ght ventricular hypertrophy and of cardiac en- 

rgement was a roentgenologic finding in a signifi- 

nt number of the patients with or without pulmo- 

‘ary hypertension and no correlation could be 
monstrated between the pulmonary blood flow 
d the size of the left to right shunt. A better cor- 
lation existed between right ventricular work and 
e electrocardiographie pattern of right heart 
‘ain. Atrial arrhythmias and congestive phenomena 
re observed during the immediate postoperative 


period. Five patients died on the first postoperative 
day; 2 on the second postoperative day; and 2 
patients died 3 weeks after surgery. It is believed 
that in some cases, postoperative congestive failure 
was on a mechanical basis, rising from the surgical 
procedure that caused a temporary mechanical bar- 
rier or partial obstruction to the normal emptying 
of caval blood into the right atrium with a resultant 
rise in systemic venous pressure and to a situation 
similar to the fluid retention seen in experimental, 
partial ligation of the inferior vena cava above the 
hepatic vein. Postoperative physiologic studies re- 
vealed the elimination of the intracardiac shunt in 
22 of 24 patients who were recatheterized. This was 
accompanied by a significant reduction of pulmonary 
arterial pressure, by a reduction of pulmonary blood 
flow, and by marked degrees of clinical improvement. 
The persistence of pulmonary hypertension in 3 
patients following surgery is attributed to increased 
pulmonary vascular resistance secondary to pulmo- 
nary vascular changes resulting from the cardiac 
anomaly. The disappearance of preexisting cardiac 
murmurs was not a rare occurrence. After closure of 
the defect, the cardiac size was reduced in 80 per cent 
of the patients. It is concluded that atrioseptopexy 
an be an effective means of correcting the circula- 
tory abnormalities that result from atrial septal 
defects. 
WENDKOS 


VALVULAR HEART DISEASE 


Fraser, H. R. L., and Turner, R. W. D.: Auricular 
Fibrillation, with Special Reference to Rheumatic 
Heart Disease. Brit. M. J. 2: 1414 (Dec. 10), 
1955. Abstracted, Circulation 15: 278 (Feb.), 1957. 


Duque Sampayo, A., Pérez Gonzalez, P., and 
Duque Gémez, C.: The Post-Commissurotomy 
Syndrome. Rev. espaii. cardiol. 9: 365 (Oct.), 1955. 
In 1 patient, who had manifested chorea during the 

initial attack of rheumatism, the syndrome was ac- 

companied by psychotic manifestations. In another 
patient, who had no history of rheumatism, poly- 
arthritis appeared after commissurotomy, followed 
by multiple systemic embolisms, the last of these 
fatal; the embolisms appeared in spite of resection 
of the left atrial appendage and anticoagulant 
therapy. To prevent the syndrome, ACTH and 
salicylates are recommended before and _ after 
operation. 

LEPESCHKIN 


Tourniaire, A., Blum, J., Tartulier, M., and Dey- 
rieux, F.: Discussion of Hemodynamic Criteria of 
Triscuspid Stenosis with Reference to an Ana- 
tomical and Clinical Observation. Arch. mal. 
coeur 49: 225 (Mar.), 1956. 

In a patient with mitral stenosis and insufficiency 
and aortic regurgitation, the pressure in the right 
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atrium was suggestive of tricuspid regurgitation be- 
cause of a plateau synchronous with the ventricular 
pressure curve, and of tricuspid stenosis because of a 
diastolic pressure gradient of 10 mm. Hg between 
the right atrium and ventricle. At autopsy the tri- 
cuspid orifice was of normal size but 2 of the valves 
were retracted. A functional tricuspid stenosis could 
have been present because of bulging of the hyper- 
trophic septum into the lumen of the right ventricle, 
and because of a relative stenosis between an 
enormous right atrium and the hypertrophic but not 
dilated right ventricle. 
LEPESCHKIN 


Cahen, P., Froment, R., and Perrin, A.: Mitral 
Stenosis with Record Pulmonary Capillary Pres- 
sure. Arch. mal. coeur. 49: 269 (Mar.), 1956. 
The highest vet recorded mean capillary pressure 

was 80 mm. Hg. In this case the left atrial pressure, 

determined during mitral valvulotomy, was 65 mm, 

The absence of pulmonary edema in this case is 

explained by the presence of capillary sclerosis and 

by the high colloid osmotic pressure of the plasma. 
LEPESCHKIN 


Bruce, R. A., Merendino, K. A., Pampush, J. J., 
Bergy, G. G., and Brock, L. L.: Functional Evalu- 
ation of Mitral Stenosis. Superiority of the Tread- 
mill Exercise Tolerance Test to Clinical and 
Resting Hemodynamic Evaluations in Selecting 
Patients. Am. J. Med. 20: 745 (May), 1956. 

The authors report further experience with 52 pa- 
tients subjected to mitral valvulotomy to determine 
any difference in preoperative clinical findings, rest- 
ing hemodynamics, exercise tolerance, surgical ob- 
servations, and postoperative course that may 
affect prognosis. They conclude that their standard 
exercise tolerance test affords more assistance in 
predicting the probable chances of either operative 
mortality, benefit, or no benefit from surgical treat- 
ment than the usual clinical criteria based upon 
examinations at rest of patients with mitral stenosis. 
Patients with predominant mitral stenosis are more 
likely to benefit from mitral valve surgery if, despite 
intensive and prolonged medical treatment, they 
exhibit dyspnea and fatigue with exertion and dis- 
ability due to pulmonary vascular engorgement, and 
objectively show impaired endurance, fall in systolic 
pressure and only a slight reduction in respiratory 
efficiency during effort. If the physical fitness index 
is between 3.0 and 6.0, the need for surgery is definite. 
The risk of operative mortality due to inadequate 
cardiac reserve is minimal and the chances of benefit 
are maximal. 

The patient with mitral stenosis who has difficulty 
climbing a single flight of stairs at a moderate pace, 
despite intensive medical treatment, may be nearly 
ideal for surgical treatment because the need is 


definite and the risk is not excessive. The pationt 
who is unable to climb the stairs at all, becaus: of 
the severity of heart disease, constitutes a real 1 sk, 
whereas the patient who experiences no diffici !ty 
until he climbs several flights of stairs has little n ed 
of mechanical relief of obstruction and may sl »w 
little benefit from surgical therapy. Operative » >r- 
tality from any complications was limited to )a- 
tients with very low exercise tolerance. 
Harri 


Kunos, I., and Garan, V.: Evaluation of Mi'-<al 
Stenosis Based on the Duration of Mechan :al 
Systole. Ztschr. Kreislaufforsch. 45: 371 (Ma), 
1956. 

The interval between the first vibrations of ie 
first heart sound and the opening sound of the mii al 
valve, registered by means of the electrodyna: ic 
low-frequency microphone (mechanical systo!:), 
equals in normal persons 115 to 125 per cent of tie 
interval between the beginning of QRS and the eid 
of T in the electrocardiogram (electric systole); tiiis 
relation does not change after light exercise. In 100 
sases of mitral stenosis in which the mitral area 
could be determined during valvulotomy the 
mechanical systole was on the average 116 per cent 
of the electric systole in cases with an area exceeding 
1.5 sq. em., 111 per cent in those with an area of 1 to 
1.5 sq. em. and 106 per cent in those with an area 
smaller than 1 sq. em. In over 90 per cent of the cases 
the mechanical systole became shorter in relation to 
the electric systole and the interval between the 
second heart sound and the opening snap decreased 
after exercise. This occurred also after passive eleva- 
tion of the legs. After successful mitral valvulotomy 
the mechanical systole became longer and no longer 
decreased after exercise. 

LEPESCHKIN 


Gordon, A. J., Juhn, L., Amram, S. S., Donoso, E., 
and Braunwald, E.: Left Atrial ‘Pulmonary 
Capillary” and Oesophageal Balloon Pressure 
Tracings in Mitral Valve Disease. Brit. Heart J. 
18: 327 (May), 1956. 

The authors studied 30 patients with mitral valve 
disease to determine the relationship of the ‘“pulmo- 
nary capillary” and esophageal balloon tracings to 
those of direct left atrial puncture and also to deter- 
mine their value in diagnosing mitral insufficiency in 
the presence of mitral stenosis. 

The curves could not be relied upon to diagnose 
mitral insufficiency when mitral stenosis was also 
present. 

Although there was frequently good correspon 
ence between all 3 curves, these were exceptiol 
Artifacts in both the pulmonary capillary a | 
esophageal balloon tracings particularly impair: | 
their value. 

SoLOFF 
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Lasse: R. P., and Amram, S. S.: Distensibility of 
the ‘ulmonary Arterial Vessels at Rest and during 
Ex: cise in Patients with Mitral Stenosis. Am. 
He ‘t J. 51: 749 (May), 1956. 

A. crease in the distensibility of the pulmonary 
arter | tree has been demonstrated to occur during 
exer’ @ in patients with mitral stenosis. This altera- 
tion © the elastic properties of the vascular wall 
aceo panied the rise in pulmonary arterial mean 
pres re, Which occurred during exercise in the 
pati: ts studied, and explained the observation that 
pul) nary arterial pulse pressure increased during 
exer se even though the stroke volume had de- 
crea d. A rough quantitation of this physical 
pro} vty has been attempted by calculation of an 
effec ive volume elasticity coefficient. The decrease 
in d.stensibility is believed to be a passive conse- 
quere of an increase in the pulmonary arterial 
volume and vessel diameter. This explanation would 
accord with the known elastic response of blood 
vessels to stretch or distend. Inasmuch as decreased 
vascular distensibility results in a higher systolic 
pressure at the same level of stroke volume, heart 
rate, ete., more cardiac work is required of the right 
ventricle to expand the arterial walls sufficiently to 
accommodate the stroke volume than would be 
necessary if distensibility had not altered during 
exercise. 


RINZLER 


Nichols, H. T., Likoff, W., Goldberg, H., and 
Fuchs, M.: The Genesis of the ‘Presystolic’’ 
Murmur in Mitral Stenosis. Am. Heart J. 52: 
379 (Sept.), 1956. 

The authors have utilized the information ob- 
tained from the direct examination of the func- 
tioning valves during intracardiac surgery to ex- 
plain the genesis of the “‘presystolic’”? murmur in 
mitral stenosis. Stenosis alters the basic mechanism 
of intra-atrial leaflet displacement at the time of 
valve closure. When the free edges of the leaflets are 
fixed at the commissures but the elasticity of the 
central portion is not compromised, a gross vibration 
is palpable during intra-atrial displacement. This 
gross vibration occurs only in those patients in 
Whom a presystolic murmur is heard. When the 
leaflets are inelastic, intra-atrial balloonment and 
associated vibrations are not observed and no pre- 
systolie murmur is present. Phonocardiographic 
regi trations during right or left heart catheteriza- 
tiot reveal that the ‘“‘presystolic’”? murmur originates 
(uy og the first rise in ventricular pressure after the 
ons! of the isometric period and is therefore con- 
sid od systolic in time. 

RINZLER 


Gri th, G. C.: Indications for Commissurotomy in 
) :tral Stenosis. Dis. Chest 29: 605 (June), 1956. 
| the majority of cases, cumulative effects of 


strain progressively handicap the heart until the 
patient becomes totally incapacitated. If interven- 
tion is to be of greatest value, it must come before 
irreversible changes in the heart and related struc- 
tures occur, which will in themselves limit recovery 
and survival of the patient. Progressive adaptation 
to the altered circulation may relieve for a time 
symptoms most indicative of the disorder; the physi- 
cian must not be misled into accepting these changes 
as signifying improvement. In relatively pure 
stenosis, the left atrium is distended and the entire 
lesser circulation slowed. In patients with regular 
heart rhythm, both left atrial pressure and pulmo- 
nary venous pressure are exaggerated in atrial 
systole. Ventricular diastolic filling is accompanied 
by typical stenotic murmurs. Conditions that mimic 
mitral stenosis include chronic failure of the left 
ventricle, constrictive pericarditis, congenital or 
acquired stenosis of the pulmonary veins, peduncu- 
lated tumor of the left atrium, a free thrombus that 
‘auses intermittent obstruction, hyperthyroidism, 
and interatrial septal defect. Cardiac size and con- 
figuration may be estimated by percussion, cardiac 
fluoroscopy, teleroentgenograms, and esophagrams; 
through palpation of the point of maximal impulse 
or through angiocardiography; and by means of uni- 
polar electrocardiography. Murmurs may be studied 
by auscultation and phonography. Other useful 
measures are circulation time and estimations of 
‘ardiac output, both at rest and after exercise, by 
ballistocardiography and cardiac catheterization 
(including direct entry into the left side of the heart). 

Contraindications to commissurotomy include 
rheumatic activity, untreated subacute bacterial 
endocarditis, multivalvular lesions, heart with en- 
largement of all chambers (signifying rheumatic 
myocardial fibrosis), intractable right heart failure 
of considerable duration, ventricular dysrhythmias 
or arrhythmias, and extreme debility. The following 
are not considered contraindications: age per se, 
atrial fibrillation, calcification of the mitral valve, 
thromboembolism (which actually constitutes a 
strong argument in favor of commissurotomy, since 
ablation of the left appendage and improvement in 
cardiac output lessens the danger of thromboem- 
bolic episodes subsequent to commissurotomy). 
Women with mitral stenosis who are within the 
child-bearing age and have had heart failure with a 
previous pregnancy may undergo commissurotomy 
as a prophylactic measure if they desire to have 
additional children, even though they are not dis- 
abled following pregnancy. In determining whether 
the time has come to recommend surgical enlarge- 
ment of a stenosed mitral valve, the clinician con- 
siders 3 factors: the degree of chronic disability of 
the patient; the improvement, if any, in the patient’s 
condition as a result of proper medical managment; 
and most important of all, the speed with which the 
patient’s condition is deteriorating. Preferably, the 
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operation should be performed when the patient is in 
class III (functional capacity) or in class IT but 
rapidly approaching class III. From the author’s 
experience there seemed to be little justification for 
using the operation as a prophylactic procedure 
early in the disease, before the stenosis had become 
an actual handicap. Excellent results were obtained 
in approximately 35 per cent of the 406 patients 
who underwent commissurotomy, good results in 
30 per cent, and little improvement in an additional 
30 per cent. Mortality rate in this series was only 
3 per cent. 

MAXWELL 


Reale, A., Goldberg, H., Likoff, W., and Denton, C.: 
Rheumatic Tricuspid Stenosis. A Clinical and 
Physiologic Study with a Suggested Method of 
Diagnosis. Am. J. Med. 21: 47 (July), 1956. 
Clinical and physiologic data in 13 cases of proved 

rheumatic tricuspid stenosis are presented. The 

physiologic data of significance included exaggerated 

“a”? waves in the right atrial pressure curves in pa- 

tients with normal sinus rhythm and a significant 

atrioventricular pressure gradient during ventricular 
diastole. Exercise greatly increased this gradient. 

Tricuspid commissurotomy may markedly reduce 

the atrioventricular pressure gradient and eliminate 

the exaggerated ‘ta’? wave. When the tricuspid valve 
area was calculated by the Gorlin formula, the 
determination did not correlate well with the size 
of the orifice estimated at the time of surgery. The 
elevation of the central and peripheral venous pres- 
sure observed in patients with tricuspid disease is 
related to the obstruction at the tricuspid orifice. An 
increased atrioventricular pressure gradient is 
necessary to maintain flow. Hence, right ventricular 
failure need not be held to account for the elevated 
venous pressure. A method for determining the size 
of the tricuspid orifice during the course of cardiac 
catheterization is suggested. In this method a 
double-lumen catheter with a rubber balloon around 
the proximal end is employed. The catheter is with- 
drawn under fluoroscopic control while the balloon, 
distended with radiopaque dye, is traversing the 
tricuspid orifice. If the balloon cannot negotiate the 
passage, dye is slowly removed until this is possible. 

The remainder of the dye is then withdrawn and the 

amount recorded. The maximum quantity that still 

permitted the balloon to pass through the tricuspid 

valve was then reinjected after the catheterization 

was completed and the size of the balloon measured. 
Harris 


Kuzman, W. J., Griffith, G. C., Jones, J. C., and 
Meyer, B. W.: Mitral Stenosis. Arch. Int. Med. 
97: 466 (April), 1956. 

In this detailed study of patients who have under- 
gone mitral surgery, emphasis is placed on the 
clinical appraisal of patients with special attention 
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to history, physical examination, and simpl: diag. 
nostic tools readily available to most inti rnists. 
Evidence is presented in support of the con‘ ontioy 
that relatively “pure” mitral stenosis can b. diag. 
nosed after careful clinical study with a high legre 
of accuracy. 

Significant clinical improvement was obta: :ed jy 
84 per cent of the group. In addition, patients inder- 
going successful mitral surgery were afforded © finite 
protection against embolic episodes. Over-all pera. 
tive mortality was 9 per cent; in good-risk ps ients, 
however, the mortality was appreciably low. ». 
BERNS’ SIN 


Burch, G. E.: The Rheoplethysmogram in Ma. with 
Aortic Insufficiency. Arch. Int. Med. 9 : 664 
(June), 1956. 

Rheoplethysmograms of subjects with  - vere 
aortic insufficiency are described, which di fered 
from those of normal subjects, primarily in th> D,, 
D,, and D, and in the O,, O,, and Og curves The 
recordings indicated a lag in onset of digital outflon 
sarly in the systolic phase of the pulse cycle, with 
outflow exceeding inflow throughout the dia-tolic 
phase. Digital inflow was not significantly different 
from the normal. 

These studies suggested normal, and certainly no 
increased, tone in the arterial side of the digital 
vascular system of subjects with aortic insufficiency 
as compared with normal subjects. The rheo- 
plethysmographic (RPG) data were compatible with 
high tone in the vessels of the venous side of the 
circulation or influences of the critical closing and 
opening phenomena previously described. 

These experiments show a possible reflection of 
central cardiac hemodynamic phenomena in. the 
digital RPG, thus suggesting its potential usefulness 
in the study of cardiac and other central normal 
and abnormal vascular, as well as_ peripheral 
vascular, phenomena. 

BERNSTEIN 


VASCULAR DISEASE 


Mattison, W. E., and Cluff, L. E.: Fusiform Aneu- 
rysm of the Ascending Aorta Associated with 
Medionecrosis. Bull. Johns Hopkins Hosp. 98: 
309 (April), 1956. 

The authors describe the case of a 39-year-old 
Negro in whom progressive dilatation of the ascend- 
ing aorta with aortic regurgitation occurred. Because 
of the lack of evidence of syphilis, idiopathic cystic 
medial necrosis was suspected. This diagnosis was 
confirmed by biopsy of the aorta. Biopsy was per- 
formed as part of the surgical procedure that in- 
volved partial resection and plication of the acrtic 
wall, reducing the caliber to normal, and applica'ion 
of a Nylon scultetus binder. The aortic dias‘ olic 
murmur was greatly diminished after operation ind 
the diastolic pressure returned to normal levels 
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' om the limited number of similar cases in the 
lit’ .ture the writers point out that the patients are 
us’ lly male, in the fourth and fifth decades, and 
ha > heart failure and angina-like pain as principal 
m. vifestations. They do not have hypertension. 

McKvusick 


C: :jard, R.: Cardiovascular Changes Consecutive 
» Localized Lesions of the Peripheral Sympa- 
1etic System. Arch. mal coeur 49: 458 (May), 
956. 

.pplication of phenol or nicotine to the prostatic 

esticular sympathetic ganglia of the rabbit often 

to immediate death through respiratory syncope 

entricular fibrillation; sometimes death occurred 

ing the next few weeks. Autopsy in these cases 
sh owed infarction of the adrenal glands, intestines, 
st. mach, or the heart, as well as hemorrhages along 
the great vessels. Rabbits surviving for several years 
moy show vascular ruptures, capillary proliferation, 
degenerative changes in the myocardium and carti- 
laginous or osseous metaplasia of the atrioventricular 
rings. 

LEPESCHKIN 


Sieker, H. O., Burnum, J. F., Hickam, J. B., and 
Penrod, K. E.: Treatment of Postural Hypotension 
with a Counter-Pressure Garment. J.A.M.A. 161: 
132 (May 12), 1956. 

Postural hypotension may be a chronic distressing 
and disabling illness that is difficult to treat. It re- 
sults primarily from the inability of the peripheral 
arteries to constrict and maintain arterial resistance 
when the patient stands. A tailored elastic pressure 
garment has proved effective in 6 patients and of 
practical value in 4 of these in preventing symptoms 
of orthostatic hypotension. The results confirm 
previous findings that counterpressure applied to 
the lower half of the body will alleviate postural 
hypotension. Counterpressure seems to be effective 
in preventing dilatation of both arterioles and veins 
by hydrostatic pressure. Supporting the arterioles 
helps to maintain peripheral resistance, and sup- 
porting the veins helps to maintain venous return 
and cardiae output. 

KarcHELL 


Fowler, F. D., and Moser, M.: Use of Hexametho- 
sium and Dibenzyline in Diagnosis and Treat- 
nent of Causalgia. J.A.M.A. 161: 1051 (July 14), 
956. 
‘wenty-five patients who had a variety of painful 
ditions in the extremities with some of the char- 
‘ristics of causalgia were treated with 2 drugs, 
amethonium and dibenzyline, commonly classi- 
as sympathetic-blocking agents. It has been 
viously shown that, in the treatment of causal- 
: following traumatic injuries, interruption of the 
‘pathetic nervous pathways has been efficacious. 


The use of chemical sympathetic-blocking agents 
relieved 6 of these 25 patients completely. Two 
more required 2 courses of dibenzyline for permanent 
results. Thirteen patients had complete relief while 
receiving the drug, but pain recurred to some extent 
when the therapy ceased. Of these 13, 4 required 
sympathectomy. In these cases hexamethonium 
was given intravenously while dibenzyline was given 
by mouth. It was found that adequate doses of 
dibenzyline were necessary to maintain improve- 
ment even though hexamethonium intravenously 
stopped the pain promptly. When the amount of 
dibenzyline needed to produce relief was large, and 
side effects were troublesome, surgery was indicated. 
For the immobilized orthopedic patient with con- 
comitant nerve injury and causalgia, drug therapy 
was found useful in making the patient comfortable 
until sympathetic surgery could be done. 
KITCHELL 


Lowenberg, E. L.: Diseases of the Peripheral Veins 

in the Aged. Geriatrics 11: 275 (July), 1956. 

The author discusses the indications for the surgi- 
‘al treatment of varicose veins in the aged. If the 
varicosities are asymptomatic, not becoming pro- 
gressively worse, and not associated with the com- 
plications of venous stasis, conservative therapy, 
such as elastic supports, is preferable. On the other 
hand, surgery is indicated when the varicosities are 
large, cause discomfort locally, or are associated with 
stasis dermatitis that is resistant to treatment. In 
the presence of large varicosities, surgical interven- 
tion may help decrease appreciably the cardiac load. 
However, before performing surgery it is necessary 
to rule out an impaired arterial circulation locally, 
since its presence constitutes a definite contraindica- 
tion to operation. 

The standard treatment of varicosities is high li- 
gation plus removal of the main stem of the long 
and short saphenous systems and all their varicose 
branches. 

ABRAMSON 


Elliot, J. A.: Acute Arterial Occlusion: An Unusual 

Cause. Surgery 39: 825 (May), 1956. 

The author reported the case of an obese white 
woman who had sustained a fracture of the surgical 
neck of the right humerus, associated with definite 
coldness and cyanotic pallor of the right hand and 
forearm and an absence of the radial and brachial 
pulses. At the time of exploratory surgery a purplish 
blue discoloration about three fourths of an inch long 
was found in the upper part of the brachial artery. 
Pulsations were present above this site but none 
were noted below it. The artery was entered and a 
thrombus removed. Attached to the lower end of 
the clot was a completely free cast of the inner layer 
of the artery. The opening in the vessel was closed, 
and the patient made an uneventful recovery, with 
return of pulsations at the wrist. 
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Histologic examination of the specimen revealed it 
to be composed of intima and media, with the in- 
tima on the outside of the specimen. From such 
findings it was concluded that the inner layers had 
been partially separated by the injury and the pres- 
sure of the blood had turned the specimen inside 
out. 

ABRAMSON 


Nelson, A. R., and Trimble, I. R.: A Critique on the 
Therapeutic Value of Lumbar Sympathectomy. 
Surgery 39: 797 (May), 1956. 

An attempt was made to evaluate the efficacy of 
lumbar sympathectomy in 192 patients 244 years or 
more after operation. The types of conditions stud- 
ied were arteriosclerosis obliterans, with or without 
diabetes, thromboangiitis obliterans, postphlebitic 
syndrome, causalgia, and acute trauma. 

The authors found that sympathectomy was an 
unsatisfactory therapeutic measure in from 59 
to 74 per cent of the cases of arterial occlusive 
disease and in 71 per cent of the postphlebitic pa- 
tients. The operative mortality was 1.2 per cent, 
all deaths occurring among patients with diabetes 
mellitus. 

The authors concluded that in view of our in- 
ability to give any patient a reasonable prediction 
of the result of sympathectomy before subjecting 
him to the operation as a routine procedure, some 
other approach to the problem was indicated. 

ABRAMSON 


Sampson, J. P., and Kirby, F. G.: Evaluation of a 
New Apparatus for the Treatment of Peripheral 
Vascular Disease. Arch. Phys. Med. & Rehab. 
36: 779 (Dec.), 1955. 

The authors describe a new apparatus that they 
claim is of value as therapy in peripheral vascular 
disorders. It consists of a series of 14 hollow rubber 
cuffs that can be inflated with air consecutively. 
These .are fastened around the diseased extremity 
and a wave of pressure is caused to travel along the 
extremity by inflating each cuff in series. As the 
fourth cuff inflates, the first deflates and this process 
is continued until each cuff has been inflated and 
deflated. 

The machine was used on over 300 patients with 
peripheral vascular diseases. Of this number 36 
were studied in detail. Thirty patients with arterio- 
sclerosis obliterans were benefited. In 14 of these 
claudication distance was markedly _ increased, 
while in 11 night pain was lost. 

The authors concluded that this apparatus is an 
effective modality in the treatment of arterio- 
sclerosis obliterans if there is a good blood supply 
in the upper one third of the thigh. 

ABRAMSON 


MacDonald, R. A.: A Carotid-Body-Like Tumor on 
the Left Subclavian Artery. Arch. Path. 62: 107 
(Aug.), 1956. 


A carotid-body-like tumor arising on the left syb- 
clavian artery in a man with hemochromatosis xnd 
metastatic hepatoma is described. It is consid-red 
to represent an aortic body tumor; a review of the 
literature indicates that this is the third case 
human aortic body tumor to be reported. The 
common occurrence of this group of tumors is 
denced by the fact that in 12,442 consecutive sur: ic; 
specimens at the Mallory Institute of Patho 
Boston City Hospital, 1900-1955 inclusive, 7 cas 
carotid body tumor were found, and _ histo 
sections were available for review. A discussi: 
presented of the terminology and pathologic desi ri 
tion with respect to these tumors. 

MaxvwE! | 


Kibel, M. A., and Marsden, H. B.: Inferior \ 
Caval and Hepatic Vein Thrombosis: The C! 
Syndrome in Childhood. Arch. Dis. Childhood 31: 
225 (June), 1956. 

A case of inferior vena caval thrombosis «nd 
hepatic vein thrombosis is described in a 10-year-old 
boy who died and came to autopsy. The boy |iad 
been sick for 2 years with a vague illness character- 
ized by malaise, intermittent fever, and recurrent 
attacks of erythema nodosum. Two months before 
death he developed persistent ascites and signs of 
venous congestion over the abdominal wall «and 
edema of the lower extremities. Treatment was 
merely palliative and he died of what was obviously 
propagation of inferior vena caval thrombosis to the 


right atrium. At autopsy, he was found to have a 
membrane obstructing the outflow from the inferior 
vena cava to the right heart. This membrane had 
tiny fenestrations in it. A review of the Budd- 
Chiari syndrome in children is given. The erythema 
nodosum present was thought to be associated with 
the thrombosis. Theories as to its causation «are 


presented. 
HARVEY 


Bean, W. B.: Ophthalmoplegia, Steatorrhea, Phleb- 
ectasia, and Vascular Lipomas. Arch. Int. Med. 
98: 284 (Sept.), 1956. 

The author reports the salient features of a man 
who had steatorrhea, Wernicke’s syndrome, phleb- 
ectasia, and vascular lipomas and suggests it is pos- 
sible that this represents a new syndrome. 

Biopsy of the partially compressible tumors con- 
nected with the veins revealed them to be vascular 
lipomas. These mesodermal tumors had their vascu- 
lar components well demarcated. Although the 
vascular element predominated, the presence of 
much adipose tissue led to its classification among 
the vascular lipomas. The major element w:s 
certainly angiomatous with only a relatively sma!! 
amount of lipomatous tissue. 

Veins in this patient stood out prominently ever) - 
where. Some of this was the result of great wasting «[ 
subcutaneous tissue; but they were much mo 
prominent than in patients with anorexia nervosa ‘ 
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th: terminal stages of cancer. There had been some 
lo: in libido and potency. This had not been com- 
pl ec and seemed to fluctuate with other variations 
in everity of the disease. The mechanism of gyne- 
iastia was obscure. Wernicke’s syndrome with 
ons in the nuclei of the oculomotor nerves was 
mgly suggested. There was no response to subse- 
‘nt protracted treatment with thiamine and other 
omplex vitamins. 
BERNSTEIN 


bbold, A. F., and Lewis, O. J.: The Nervous Con- 

rol of Joint Blood Vessels. J. Physiol. 133: 467 

Aug.), 1956. 

\leasurement of venous outflow from the knee 

nt of anesthetized dogs indicate that joint vessels 
‘eive sympathetic vasoconstrictor fibers via the 
:ticular nerves. Division of such nerves or removal 

the sympathetic chain between L4 and L6 in- 

ases the joint blood flow. Like other blood vessels, 
he joint vessels participate in the reflex vasocon- 

iction following hemorrhage. 

AVIADO 


OTHER SUBJECTS 


Haggart, G. E., Dignam, R. J., and Sullivan, T. S.: 
Management of the Frozen Shoulder. J. A. M. A. 
161: 1219 (July 28), 1956. 

The etiology of frozen shoulder remains obscure. 
The condition oceurs mostly in middle life, more 
often in women than in men, and is consistently 
observed subsequent to prolonged dependency of the 
upper extremity. Arthritis and other metabolic dis- 
eases play no significant role, and major trauma was 
also not a factor in any of the 96 cases reported. 
There were excellent and good results in 82 per cent 
subjectively, and 95 per cent objectively, following 
closed manipulation of the frozen shoulder. There 
were no complications, such as fracture of the 
humerus in this series. 

KITCHELL 


Thorpe, J. J.: The Optimum Time for Return to 
Work Following Various Major Cardiovascular 
Disabilities. Indust. Med. & Surg. 25: 329 (July), 
1956. 

(n the basis of a study of the literature and of 

31 cases in the files of an oil company, the author 
ivedat certain conclusions regarding the optimum 
e for return to work following various cardio- 
cular disabilities. He stated that coronary in- 

su licieney usually required 3 to 4 weeks’ absence, 
|\le myocardial infarction caused from 12 to 16 
ks’ disability. Congestive heart failure resulted 
t to 6 weeks’ absence, while cerebral vascular 
ase necessitated the longest period away from 
k—2 to 6 months. Severe peripheral arterioscle- 
S was not a common cause for absence. 

‘he author pointed out that although certain 

Ti eria for measuring cardiovascular fitness can be 


set up, on the basis of such average figures, evalu- 
ation of a patient’s ability to return to work is still 
a highly individualized matter. Except in the obvious 
case, a carefully observed trial of work is the only 
way to judge the individual’s capability. This should 
be tried in every case where failure will not endanger 
the employee’s life or the safety of his fellows. 
ABRAMSON 


Newman, L. B., Wasserman, R. R., and Borden, C.: 
Productive Living for Those with Heart Disease: 
The Role of Physical Medicine and Rehabilitation. 
Arch. Phys. Med. & Rehab. 37: 137 (March), 
1956. 

The authors discuss the approach to the rehabilita- 
tion of the cardiac patient. They point out that it is 
unwise and unrealistic to attempt to return all pa- 
tients with heart disease to their prior state of health 
and ability to work. Many will be limited not only 
as to the type of work they can resume but also in 
the amount of work possible. 

Attention is called to some of the advantages of 
armchair treatment of the patient with myocardial 
infarction over the conventional approach. Detailed 
instruction is also presented regarding the rehabilita- 
tive program for this type of individual. The 
shoulder-arm-hand syndrome, a complication of 
myocardial infarction, is discussed and the impor- 
tance of its early recognition and treatment is 
emphasized. 

It is pointed out that the rehabilitation program at 
a hospital or center should simulate at least the 
physical demands of the job situation that the indi- 
vidual with heart disease will encounter, even though 
the psychologic factor and environment are difficult 
to duplicate. Finally, selective job placement is vital 
in order to attain a well-planned goal. 

ABRAMSON 


Moore, G. E., and Bock, F. G.: A Summary of Re- 
search Techniques for Investigating the Cigarette 
Smoking-Lung Cancer Problem. Surgery 39: 120 
(Jan.), 1956. 

The authors summarize the different investigative 
technics in man and in the experimental laboratory 
animal that are applicable to the elucidation of the 
problem of whether cigarette smoking has a causal 
relationship to lung cancer. They show that data 
obtained from animal experiments indicating that 
there is or is not a carcinogenic agent in tobacco are 
not directly pertinent to the problem in man. The 
use of chewing tobacco is probably more highly 
associated with carcinomas of the pharynx and 
esophagus than is cigarette smoking. Furthermore, 
there appears to be a significant association of the 
habitual use of chewing snuff or tobacco for more 
than 20 years with the occurrence of leukoplakia and 
cancer of the buccal mucosa, floor of the mouth, 
and alveolar ridges. 

The authors conclude that even the best designed 
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studies have not given a definite answer free from 
criticism of bias and qualifications, and pertinent to 
the human problem. 

ABRAMSON 


Ford, F. R.: The Tired Arm Syndrome. A Common 
Condition Manifest by Nocturnal Pain in the 
Arm and Numbness of the Hand. Bull. Johns 
Hopkins Hospital 98: 464 (June), 1956. 

Patients with this syndrome complain of an 
aching, throbbing pain in the arm that may awaken 
them. The hand becomes numb and stiff, particularly 
with the holding of a book, or other acts requiring 
sustained grip. The right arm is involved alone or 
predominantly in right-handed, the left arm in left- 
handed individuals. The persons afflicted have 
engaged in excessive muscular exertion, especially 
unaccustomed exertion. Meticulous housewives who 
have lost their maids, or are engaged in a semi- 
annual housecleaning, are especially prone to the 
syndrome. The neurologic examination and studies 
intended to reveal well-recognized causes of such 
symptoms are negative. Although the pathogenesis 
is obscure, swelling of the muscles within their 
fascial confines may be responsible for the syndrome. 
A syndrome in the legs known as “shin splints,” in 
which the anterior tibial muscles develop painful 
swelling after unwonted exertion, may be analogous. 
Rest is the only treatment. 

The patient described in detail was a 46-year-old 
woman with pain in the left arm and numbness in 
the left hand. The patient was left-handed, and the 
pain had occurred twice annually for 8 years in 
association with semi-annual house-cleaning. 

McKusick 


Bickel, G., Fabre, J., and Blanc, W.: Allergic Heart 
Disease. I. Experimental Studies. Arch. Mal. 
coeur 49: 401 (May), 1956. 

In all of 10 rabbits who received an intravenous 
injection of horse serum after previous sensitization, 
electrocardiographic changes appeared 30 seconds to 
3 minutes after the injection, regardless of whether 
severe anaphylactic shock developed or the behavior 
of the animal remained normal. These changes con- 
sisted of multifocal ventricular extrasystoles, 
atrioventricular, or bundle-branch block, and usually 
elevation of S-T in lead III with depression in lead I. 
They could be prevented or considerably inhibited by 
previous administration of cortisone. Histologic 
myocardial changes, which appear later, are charac- 


terized by interstitial and perivascular infiltration o 
leukocytes, as well as degenerative and necroti 
lesions in the muscle fibers and the collagenous tissu: 
Administration of cortisone almost always prevent 
the development of inflammatory lesions, but h: 
only a slight preventive action on the degeneratiy 
changes. 
LEPESCHKIN 


Chapman, D. W., and Lai, P. T.: Reclamation of th 
“Coronary Patient” for Work, Southern Med. . 
49: 685 (July), 1956. 

A summary was presented of 100 patients who ha 
sustained myocardial infarctions and had been fo 
lowed over a 5-year period. Only 4 in the series we. 
female; the predominating age groups were the fifti 
and sixth decades. About 80 per cent of the serie 
were white-collar workers, and this may account i 
part for the percentage (97 per cent) who returne: 
to full (49 per cent) or part-time work. 

Seventy-four per cent were able to return to work 
in 10 to 14 weeks, and the majority before 5 months 
There were 16 deaths; 6 from a second myocardia! 
infarction, 3 from a third myocardial insult and 
failure, 4 from congestive heart failure independent 
of a second infarction, and 3 died noncardiac deaths 
—cerebral vascular thrombosis, carcinoma of the 
colon, and an auto accident. The “poor risk” 
coronary patients are those who had: (1) previous 
myocardial infarctions; (2) intractable pain; (3) 
severe degree of persistence of shock; (4) significant 
enlargement of the heart; (5) gallop rhythm; (6) 
congestive heart failure; (7) atrial flutter, atrial 
fibrillation, ventricular tachycardia, intraventricular 
conduction disturbances; and (8) complicating 
disease. 

It was concluded that ordinarily a patient with un- 
complicated myocardial infarction can return to 
light or moderate duty within 3 to 4 months. Pa 
tients with prolonged invalidism of several months’ 
duration are less likely to resume effective work 
because of disabling cardiac neurosis, or symptoms 
of angina, or congestive failure. The electrocardio 
gram ballistocardiogram, and teleroentgenogram are 
all of value, both from the diagnostic and prognostic 
standpoint in coronary artery disease. A more en 
lightened attitude on the part of industry, the com 
munity, the insurance companies and tke patient all 
combine to add to the basic security of the cardiac 
patient. 

MAXWELL 








AMERICAN HEART ASSOCIATION, INC. 


44 Kast 23rd Street, New York 10, N. Y. 


Telephone Gramercy 7-9170 


ASSOCIATION’S SCIENTIFIC 
SESSIONS TO COMMEMORATE 
WILLIAM HARVEY 


The 30th Scientific Sessions of the American 
Heart Association, to be held in Chicago’s 
Hotel Sherman, Friday, October 25 through 
\fonday October 28, will commemorate the 
{00th anniversary of the death of William 
Harvey, British discoverer of the circulation 
of the blood. 

To honor the British scientist, a special 
‘xhibit and film showing his work are planned. 
There will also be a brief dedication ceremony 
on Saturday morning, October 26, when the 
regular Scientific Sessions get underway. 

The following tentative schedule has been 
decided on by the Program Committee: 

Preceding the regular Scientific Sessions will 
be an all-day scientific program on Friday for 
physicians in general practice on ‘Prevention 
and Management of Cardiovascular Emer- 
gencies”. This special course is open to all 
registrants at the Annual Meeting. On Friday 
evening, a session on instrumental methods, 
which has proved popular at past meetings, 
will be repeated. 

Scheduled for Saturday morning are: presen- 
tation of the Albert Lasker Award of the 
American Heart Association; the Lewis A. 
Conner Memorial Lecture; and a General 
Session. The Saturday afternoon hours will be 
devoted to Special Sessions of the Section on 
Clinical Cardiology, the Section on Circulation 
ind the Council on Rheumatic Fever and Con- 
enital Heart Disease. 

Slated for Sunday are a General Session, in- 
luding the George E. Brown Memorial 
ecture, in the morning and another General 
ession in the afternoon. In addition, there 

ill be a special panel on “‘the Present Status 
i Fat Metabolism and Atherosclerosis,”’ 

onsored by the Council on Community 

‘rvice and Education. 

Special Sessions of the Section on Basic 

ience, Section on Cardiovascular Surgery and 


of the Council of High Blood Pressure Research 
are scheduled for Monday morning. The Scien- 
tific Sessions end Monday noon. 

The Association’s Annual Dinner, at which 
a number of awards will be presented, will take 
place on Sunday. 

Six Assembly Panels will be in session on 
Monday. The full Assembly will meet Tuesday 
morning to review Panel recommendations and 
to elect officers of the Association and Board 
members. 

The Staff Conference of Heart Associations, 
which is composed of staff representatives of 
the Association’s 57 affiliates and 350 chapters, 
will meet concurrently with the Scientific 
Sessions on Saturday and Sunday. 


| 
DEADLINE FOR ABSTRACTS 
IS JUNE 15 

The Program Committee of the As- 
sociation’s Scientific Council urges early 
submission of abstracts of scientific 
papers to be presented at the 30th 
Scientific Sessions of the American Heart 
Association (Chicago, October 25-28). 
Deadline is June 15, 1957. 

Papers intended for presentation 
should be based on original investiga- 
tions in or related to the cardiovascular 
field. Abstracts will be accepted only on 
forms which can be obtained from the 
Medical Director, American Heart As- 
sociation, 44 East 23rd Street, New 
York 10, N. Y. 

The Scientific Sessions will feature a 
section for scientific exhibits. Requests 
for space for scientific exhibits must be 
made on application forms obtainable 
from the Association’s Medical Director. 
The deadline for these applications is 
June 15, 1957. 





Circulation, Volume X V, May 1957 





AMERICAN HEART ASSOCIATION 


NEW MATERIALS IS 
AMERICAN HEART AS 


SUED BY 
SOCIATION 


Among the new materials prepared by the 
Association of interest to physicians are the fol- 
lowing: 

“Your Blood Pressure” is a 16-page, illus- 
trated booklet written by the Association’s 
President, Dr. Edgar V. Allen, Senior Con- 
sultant in Medicine, Mayo Clinic, Rochester, 
Minnesota. The booklet explains what the 
physician can do about hypertension and what 
the patient can do to help his doctor help him. 
A special section deals with How the Doctor 
Takes Your Blood Pressure. 

“Congenital Cardiac Defects, a Physician’s 
Guide for Evaluation and Management” is a 
27-page booklet prepared by the Committee on 
Congenital Heart Disease of the Association’s 
Council on Rheumatic Fever and Congenital 
Heart Disease. For use by general practitioners, 
pediatricians and medical students, the booklet 
complements the AHA publication ‘Diagnosis 
of Congenital Cardiac Defects,’ by Regina 
Gluck, M.D. While Dr. Gluck’s booklet pro- 
vides brief descriptions of common congenital 
defects, the new publication presents informa- 
tion in the form of a manual for diagnosis and 
management. It outlines and interprets symp- 
toms and signs for which a doctor should look 
if he suspects a congenital heart defect, and 
gives useful advice for immediate and long- 
range management. 

“Standards for Centers Caring for Patients 
with Congenital Cardiac Defects” is a reprint 
of an article published in the April, 1956 issue 
of Circulation. 

“Symposium on Rheumatic Fever’’ consists 
of three reprints from the December, 1956 issue 
of Circulation and includes “The Nature of 
Rheumatic Fever,” by Maclyn McCarty, 
“Prophylaxis of Rheumatic Fever,” by Edward 
A. Mortimer, Jr. and Charles H. Rammelkamp, 
Jr. and “Treatment of Rheumatic Fever,” by 
E. G. L. Bywaters. 

In addition to these printed materials, the 
Association has issued for general interest 
“Coronary Heart Disease,” a new 16 mm, 


five-minute color film for use by TV or direc 
audience viewing. The film, which uses anima 
tion, was produced for the American Hear 
Association by Churchill-Wexler and provide 
excellent visual aids to a physician addressing ; 
group of lay people or a doctor interviewing : 
patient on television. 

“Rheumatic Fever Prevention” is the tit] 
of a new guide prepared by the Association t 
provide its affiliates with the principles an 
procedures for a systematic approach to de 
veloping a program of rheumatic fever prevei 
tion. 

All of these materials may be obtaine: 
through local Heart Associations or the Ameri 
‘an Heart Association, 44 East 23rd Street 


New York 10, N.Y. 


LONDON CELEBRATES HARVEY 
TERCENTENARY, JUNE 3-7 

The Royal College of Surgeons will hold a 
Harvey Tercentenary Congress, reviewing the 
present knowledge of the circulation, in London 
next month, June 3-7. 

International authorities from England, 
Germany, Sweden, Switzerland, France, Can- 
ada and the United States will discuss knowl- 
edge of the circulation from the seventeenth to 
the twentieth centuries; the role of the heart in 
circulation; the results of cardiac surgery; the 
coronary, pulmonary, fetal, cerebral, splanch- 
nic and peripheral circulation. These subjects 
will be discussed from Monday, June 3, through 
Friday, June 7. On Saturday, Sir Geoffrey 
Keynes will be chairman of a week-end con 
ference on the more personal and biographical! 
aspects of William Harvey’s life (1578-1657) at 
his birthplace in Folkestone, Kent. 

Among participants from the United States 
are: Drs. C. S. Beck, 8S. E. Bradley, André 
Cournand, Louis Katz, 8. Kety and F. A 
Willius. For further information write to Dr 
Rulon W. Rawson, The Harvey Society, 444 
East 68th Street, New York 21, N. Y. 


AHA NATIONAL OFFICE 


The growth of the American Heart Associa 
tion and its affiliates has necessitated a realign 
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t of the national headquarters staff. Under 
wy plan of functional operation, Executive 
tor Rome A. Betts is generally responsible 
all nonmedical administrative functions of 
national office, including fund raising, 
lic relations and coordination of field services 
le Medical Director Eugene B. Ferris, who 
ntly joined the staff, is responsible for all 
vities of the medical, scientific and com- 
nity service programs. 
Vorking with Dr. Ferris will be Dr. John 
erree as Associate Medical Director for 
plied Services. Dr. Ferree has been with the 
sociation for eight years, serving as Director 
Community Service and Education. Assist- 
Medical Director Dr. Frederick J. Lewy, 
o with the Association for many years, will 
be in charge of professional education. He was 
formerly responsible for activities in the field 
of rheumatie fever and congenital heart dis- 
ease. The newly appointed Assistant Medical 
Director for Research is Dr. John H. Peters 
who comes to the American Heart Association 
from Atlanta, Georgia, where he was Clinical 
Associate Professor of Medicine, Emory Uni- 
versity, and Director of Medical Research and 
Assistant Chief of Medicine, Veterans Adminis- 
tration Hospital. 


WISCONSIN CONFERENCE ON WORK 
AND THE HEART 
Some 60 of the nation’s outstanding medical 
authorities as well as specialists from foreign 
countries will attend the “First Wisconsin Con- 
ference on Work and the Heart,” which will 
take place this month, May 15-18, at 
Marquette University in Milwaukee. 
lhe Conference seeks answers to the follow- 
questions: How does one measure the im- 
t of work on a damaged heart? Is strain of 
rk a factor in heart disease? How does one 
ide when a cardiac may return to work? 
w does one measure the work potential of a 
liae? 
he conference is sponsored jointly by Mar- 
tte University School of Medicine and the 
consin Heart Association. Cooperating in 
conference will be the American Heart 
wiation, the National Heart Institute and 
Industrial Health Council of the American 


Medical Association. Publication of the pro- 
ceedings is planned. 

The conference will be divided into five con- 
current panels on basic physiology, clinical 
physiology, pathology, work classification and 
workmen’s compensation. On Saturday morn- 
ing, the moderators and recorders of each 
panel will present their reports to the full 
assembly over which Dr. Maurice B. Visscher, 
Professor of Physiology, University of Minne- 
sota School of Medicine, will preside. 

The principal speaker at the opening session, 
Wednesday evening, May 15, will be Dr. E. 
Cowles Andrus, physician in charge of the 
Cardiac Clinic, Johns Hopkins Hospital, and a 
past president of the American Heart Associa- 
tion. 

Foreign participants will include Drs. H. H. 
Weber, Heidelberg, Germany; Matti J. Karo- 
nen, Helsinki, Finland; A. Morgan Jones, 
Chesire, England; and Gunnar Birock, Malmo, 
Sweden. 

Among the panel moderators are Dr. Maurice 
B. Visscher; Dr. Howard B. Burchell, Professor 
of Medicine, Mayo Clinic, Rochester, Minn.; 
and Dr. Leonard Goldwater, Professor of 
Occupational Medicine, Columbia University 
School of Public Health, New York. 


HOSPITAL IN DENVER OFFERS 
FELLOWSHIP IN 
CARDIOPULMONARY PHYSIOLOGY 


The National Jewish Hospital in Denver 
offers a one-year or two-year fellowship in 
cardio-pulmonary physiology oriented toward 
academic research. Applications will be ac- 
cepted from physicians who have completed an 
internship and at least two years of approved 
residency training in medicine, pediatrics or 
surgery. This fellowship is integrated with the 
teaching program of the University of Colorado 
School of Medicine. It is coordinated by Dr. 
Gardner Middlebrook, Director of Research 
and Laboratories. The stipend is $6,000 per 
annum, $3,600 of which is tax-free. 

Applications will be accepted before July 1, 
1957. All inquiries should be addressed to Dr. 
Goffredo Gensini, Chief, Cardio-Pulmonary 
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Physiology, National Jewish Hospital, 3800 
East Colfax Avenue, Denver 6, Colo. 


MEETINGS CALENDAR 


May 15-18: First Wisconsin Conference on Work 
and the Heart, Milwaukee. Elston L. Belknap, 
M.D., Marquette University School of Medicine, 
561 N. 15th St., Milwaukee 3, Wis. (By invita- 
tion) 

May 29-June 2: American College of Chest Physi- 
cians, New York. Murray Kornfeld, 112 E. 
Chestnut St., Chicago, Il. 

May 30-31: American Geriatrics Society, New 
York. Richard J. Kraemer, Greenwood, R. I. 

June 1: American Academy of Tuberculosis Physi- 
cians, New York. Oscar 8. Levin, P.O. Box 7011, 
Denver 6, Colo. 

June 2: American Society for Vascular Surgery, 
New York. Henry Swan, 4200 East 9th Ave., 
Denver 20, Colo. 

June 3-7: American Medical Association Annual 
Meeting, New York. George F. Lull, M.D., 
American Medical Association, 535 N. Dearborn 
St., Chicago 10, II. 

June 7-8: University of Michigan Regional Confer- 
ence on Hypertension, Ann Arbor, Michigan. 
John Sheldon, M.D., Department of Post Gradu- 
ate Medicine, University of Michigan Medical 
School, University Hospital, Ann Arbor, Mich. 

June 16-21: American Society for Pediatric Re- 
search, Carmel, Calif. Sydney 8. Gellis, 330 Brook- 
line Ave., Boston 15, Mass. 

June 17-19: American Pediatric Society, Carmel, 
Calif. A. C. McGuinness, 1427 Eye Street, N.W., 
Washington 5, D. C. 

September 9-12: U. S. Section, International Col- 
lege of Surgeons, Chicago, Ill. Karl Meyer, 1516 
Lake Shore Dr., Chicago, IIl. 

September 29-October 4: College of American 
Pathologists, New Orleans, La. A. H. Dearing, 
Prudential Plaza, Suite 2115, Chicago 1, Ill. 

October 1-4: American Roentgen Ray Society, 
Washington, D. C. Barton R. Young, German- 
town Hospital, Philadelphia 44, Pa. 

October 7-10: American Academy of Pediatrics, 
Chicago, Ill. E. H. Christopherson, 1801 Hinman 
Ave., Evanston, IIl. 

October 14-18: American College of Surgeons, 
Atlantic City, N. J. Michael L. Mason, 40 E. Erie 
St., Chicago, 11, Ill. 

October 14-19: American Society of Anesthesiol- 
ogists, Los Angeles, Calif. J. E. Remlinger, Jr., 
188 W. Randolph St., Chicago 1, Ill. 


October 21-23: Association of American Mey ica] 
Colleges, Atlantic City, N. J. Dean F. Sm ley. 
2530 Ridge Ave., Evanston, III. 

October 23-25: American Association of Me: jca] 
Clinics, Kansas City, Mo. Harold D. Ca lor, 
Caylor-Nickel Clinic, Bluffton, Ind. 

October 25-28: Scientific Sessions of the Ame 
Heart Association, Chicago, Ill. American |] 
Association, 44 East 23rd St., New York 10, > 

October 28-30: Association of Military Surgeo: s 
U.S8., Washington, D. C. R. E. Bitner, 1726 | § 
N.W., Washington 6, D. C. 

November 3-4: American Society for the Stu 
Arteriosclerosis, Chicago, Ill. O. J. Pollak, \ 
P.O. Box *228, Dover, Del. 

November 11-15: American Public Health Ass: cia- 
tion, Cleveland, Ohio. R. M. Atwater, 1790 Br. 
way, New York 19, N. Y. 

November 17-22: Radiological Society of N 
America, Chicago, Ill. D. S. Childs, 713 E. Ger 
St., Syracuse 2, N. Y. 


ABROAD 


June 3-7: Harvey Tercentenary Congress, London. 
D. Geraint James, M.D., M.R.C.P. 11 Chandos 
St., Cavendish Square, London W.1. 

June 23-28: International Congress on Rheumatic 
Diseases, Toronto, Ont. International Congress on 
Rheumatic Diseases, P.O. Box 237, Terminal 
“A,” Toronto, Ontario, Canada. 

July 7-13: Brazilian Congress of Cardiology and 
Angiology, Rio de Janeiro. Dr. A. de Carvalho 
Azevedo, Rua Domingos Ferreira 28, Rio de 
Janeiro, Brazil. 

July 14-19: International Gerontological Congress, 
Merano-Bolzano, Italy. Segretaria, Quarto Con- 
gresso Internazionale de Gerontologia, Viale 
Morgagni 85, Firenze, Italy. 

July 21-28: International Congress of Neurological 
Sciences, Brussels, Belgium. Pearce Bailey, M.D., 
National Institutes of Health, Bethesda 14, Md. 

July 24-29: International Congress of Nutrition, 
Paris. Congress International de Nutrition, 71 
Blvd. Pereire, Paris 17e, France. 

September 29-October 5: World Medical Assovia- 
tion, Istanbul, Turkey. Louis H. Bauer, 10 Co- 
lumbus Circle, New York 19, N. Y. 

October 27—November 2: Congress of International 
Society of Surgery, Mexico City, Mexico. Dr. L. 
Dejardin, 141, rue Belliard, Brussels, Belgium 

September 14-21, 1958: Third World Congress of 
Cardiology, Brussels. Dr F. Van Dooren, 80 Rue 
Mercelis, Brussels, Belgium. 
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YOUR PATIENT NEEDS AN ORGANOMERCURIAL 


Practicing physicians know that many years of clinical and laboratory experience 
with any medication are the only real test of its efficacy and safety. 


Among available, effective diuretics, the organomercurials have behind them over 
three decades of successful clinical use. Their clinical background and thousands of 
reports in the literature testify to the value of the organomercurial diuretics. 


TABLET 


NEOHYDRIN 


BRAND OF CHLORMERODRIN (18.3 MG. OF 3-CHLOROMERCUR!-2-METHOXY-PROPYLUREA 
EQUIVALENT TO 10 MG. OF NON-IONIC MERCURY IN EACH TASLET) 


a standard for initial control of severe failure 


a9 MERCUHYDRIN® SODIUM 
LAKESIDE BRAND OF MERALLURIDE INJECTION 


ozses 





(irculation 


OFFICIAL JOURNAL of the AMERICAN HEART ASSOCIATION 


CONTENTS 


EDITORIAL 


SrapHyLococci, ANTIBIOTICS, AND ENDOCARDITIS Maxwell Finland 


ZEORGE E. Brown MeEMorRIAL LECTURE: OXYGEN TENSION OF TISSUES IN VIVO 

Hugh Montgomery 

SurGIcAL TREATMENT OF MitrrRAL INSUFFICIENCY BY ToTAL CIRCUMFERENTIAL 
‘‘PURSE-STRING”’ SUTURE OF THE MITRAL RING 

Robert P. Glover and Julio C. Davila 


SELECTIVE ROENTGENOGRAPHIC CONTRAST EXAMINATION AND ELECTROKYMOGRA- 


PHY OF THE Lert HEART IN EXPERIMENTAL MITRAL INSUFFICIENCY 
Bjérn Nordenstrém, J. P. Stamer, Jr., Melvin Figley and Herbert Sloan 682 


TREATMENT OF GANGRENE OF THE FEET AND LEGS BY WALKING. . William T. Foley 689 
SOR TRILOCULARE BIATRIATUM Donald Heath 701 


CLINICAL EVALUATION OF A NEW ORAL ANTICOAGULANT “SINTROM” 
Emmett C. Neill, Richard Y. Moon and Joseph B. Vander Veer 


Errect oF CrrcULATORY CHANGES ON THE PULMONARY COMPLIANCE OF NORMAL 
SUBJECTS AND PATIENTS WITH MITRAL STENOSIS 


W. W. Pryor, J. B. Hickam, H. O. Sieke? and E. B. Page 


SpreciAL ARTICLE 


KNOWLEDGE OF THE CIRCULATION BEFORE WILLIAM HARVEY 
Arnold M. Katz 


CLINICAL PROGRESS 
CARDIOVASCULAR DISTURBANCES IN POLIOMYELITIS “y,. .Louis Weinstein 
CLINICAL CONFERENCE 
CHRONIC PULMONARY EMPHYSEMA AND Cor PULMONALE: A CLINICAL-PATHO- 
LOGIC CONFERENCE 
C. Bruce Taylor, Oglesby Paul, Armin F. Schick and George M. Hass 
Book REVIEWS 


ABSTRACTS 


AOE eR GIN A hae) ss le w WE ole CRS oe eee als 





